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SUMMARY

This document presents a detailed analysis of the resonant perturbations to
the 20th degree and order on 83 existing satellites. This analysis reveals that
terms of order (m) 2 and 12-14 are well represented by existing resonant satel-
lites. Only a few resonances for the other orders are available.

The study also shows that for resonant orbits with beat periods less than
about 15 days, the frequencies contributed by the terms resonant with an orbit
are all nearly the same, making such orbits of limited value for geodesy if con-
sidered individually. This situation is aggravated for orbits at or near the criti-
cal inclination.

The phenomenon of shallow resonance has also been studied. The results
of this study, presented in Appendix A, show that to accurately analyze resonant
orbits,. considerable attention to calculation of mean mean motion is necessary.
Highly accurate formulae to calculate mean mean motion have been derived and
are presented in this appendix.
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A PERTURBATION ANALYSIS OF EXISTING
RESONANT SATELLITES

INTRODUCTION

The orbits of numerous resonant or near-resonant satellites have been
studied and amplitudes of along-track perturbations and the corresponding beat
periods have been estimated. The majority of these orbits are resonant with
geopotential terms of order (m) 2 and 12-14, while only occasional useful reso-
nances for the other orders are available. Except for satellites with s = 2 revs/
day, all harmonic components (£, m, p, q) are shown that cause effects along
track Z 50 meters in magnitude. For s = 2 revs/day, only effects larger than
10 km are presented.

Increasing interest in the use of orbits in shallow resonance for geodesy is
evident. Much of this interest is directed toward analyzing long-periodic vari-
ations in orbital elements. To aid in such analyses, a detailed discussion of
shallow resonance is presented.

CALCULATION OF PERTURBATIONS

C. A. Wagner's study (Reference 1) of the Satellite Situation Reports, issued
by Goddard Space Flight Center, revealed many resonant or near-resonant orbits
of interest for geodesy. These satellites have been further analyzed and thls
paper reveals the fine spectra of the resonant perturbations.

Perturbations of the quantity Q cosi + w + M = Central Angle (CA) have been
calculated by Kaula's formulas (Appendix B) and multiplied by the semi-major
axis of the orbit to obtain an estimate of the transverse component of the orbital
perturbations.! Kozai's formula (Reference 3) for the mean mean motion of a
satellite was used to compute the beat periods to insure consistency with the
NORAD elements. Kohnlein's geopotential constants (Reference 4) in Table 3,
complete to (15, 15), were used in these calculations. This set was selected
only because of its completeness. For degree ({) > 15, the value :f,gm X .07x10°5,
suggested by Kaula (Reference 2), was employed. This choice probably over-
emphasizes some of the perturbations, so that it is unlikely that any significant

1(Q is the right ascension of the ascending node, i is the inclination, w is the argument of
perigee of the orbit, and M is the mean anomaly of the satellite)



effects have been missed up to the degree and order of this study. Perturbations
of the semi-major axis have also been computed.

The condition for shallow resonance is approximately the near commensur-
ability between the mean motion of a satellite and an integer times the rotation
rate of the Earth. However, as shown in Appendix A and Reference 2, a more
precise definition of resonance is:

Dppg & X =20+ (A-2p + )M +m (Q-6)%0 (1)
where

8 is the rotation rate of the Earth and (p,q) identify a particular
component of the harmonic expansion of a tesseral harmonic (f,m)

This definition produces results more useful in analyzing shallow resonance.
When beat periods (D,ﬁ q/ 360°)~! are small, i.e., < about 15 days, the beat peri-
ods of the various components for the resonant terms of an eccentric orbit will
be similar. This situation is unfavorable for separating the effects of the var-
ious constants. However, eccentric orbits sufficiently far from the critical
inclination i = 63.40, with moderate .or long beat periods have a rich spectrum

of frequencies which will certainly help to determine the constants. Circular
orbits in shallow resonance or orbits at the critical inclination have only one
frequency for all resonant terms of a given order; thus, it becomes more diffi-
cult to recover the constants from observations of such orbits.

TABLES OF RESONANT PERTURBATIONS

Table 1 presents a summary of available information (References 5 and 6) on
about 83 of the Satellites in Reference 1.

The tables of resonant orbits in this document were computed subject to
some limitations. For the 12 hour satellites, only terms causing perturbations
in excess of 10* meters are shown. In the other cases, 50 meters is the mini-
mum perturbation shown. Also there was no attempt to compute resonances
higher than the 20th order. Thus, tables which stop at the 20th degree and
order probably indicate that even higher resonances exist.

The orbital elements on each table are the mean elements of 15 April 1968.
The indicated value of s revs/day is the nearest integer. In addition to the beat
period, geocentric angle (CA) and transverse perturbation estimates, an estimate
of the perturbation of the semi-major axis is shown. This last quantity should be
valuable to contemplated investigations into variations of mean orbital elements.
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Table 1

Resonant Satellite Data

Dimension (m) A’?:l:’,mmf’
SRevs/ Satellite No Code Name | Responsible |Perigee Height Shay
Day) . Identification Agency  |(km, Apr. '68) pe Le:gth wetght | (A/M) | (A/m)
Diameter (kg.) Max, Min.
15 1968-015B - 267 - - - - -
15 1968-006A Cosmos 200 USSR 516 - - - - -
15 1968-006C T - 503 - - - - -
15 1967-42A Ariel 3 UK 475 - - - - -
14 1968-028B - - 139 - - - - -
14 1962-25C - - 600 - - - - -
14 1963-26A - USAF 412 Cyl 2,54 x 0.592 89.3 0.1514 | 0.02772
14 1962-02B Beta 2 | Tiros 4 Rocket - 700 Cyl 1.5 % 0.46 23 0.30 0.07227
14 1963-43A Polyot 1 USSR 335 - - - - -
14 1960-07A Eta 1 Transit 2A USN 615 Sph 0.91 101 0.2828 -
14 1966-25D OV1-4 Rocket USAF 886 Cyl 2,05 x 0,72 70 0.2109 | 0.05816
14 1940-09A Tota-1 | Echo 1 NASA 730 Infl, Sph. 30 62 11,402
14 10.3-09A Iota 1 |-Explorer 7 NASA 551 Doub, Cone 0.76 x.0,76 41,5 0.1003 | 0.06959
14 1966-25A ovi-4 USAF 887 Hemsph + Cyl 1.4 x 0.69 87.6 0.08524| 0.002134
14 1963-54C - NASA 697 Fragments - - - -
14 1964-26A Blue Scout Transit | USN 854 - - 80 - -
14 1966-31B OAO 1 Rocket NASA 87 Cyl 6x1.5 700 0.1286 |0.025248
14 1965-814 0GOo 2 NASA 418 Box & Booms 1.82 x 0.91 520 0,03185{ 0,01593
14 1964-31A Thor Agena Rocket | USAF 828 Cyl 8x1.5 - - -
14 1964-51B Explorer 20 Rocket | NASA 867 Cyl 1.5 % 0.46 24 0.2875 |0.06925
14 1964-01A Agena Rocket USN/USA 910 Cyl 6x1.5 1000 0.09 0,01767
14 1964-51A Explorer 20 NASA 867 Doub. Cone 0,83 x 0.66 44 0,0777 |0.06225
14 1965-16A Greb (SR6) USN/USAF 907 Sph 0.6 40 0.0695 -
USA
14 1961-15A Transit 4A USN 883 Cyl 0.78 x 1.09 79 0.1181 {0,109
14 1964-T6A Explorer 24 NASA 505 Inf, Sph. 3.65 8.6 112,168 -
14 1961-15B-OM1 2 Injun-Sr-3 USN 884 Sph-Cyl 0.51 25-16 - -
14 1964-64A Explorer 22 NASA 887 Octa 0.30 % 0,46 52 0.0319 | 0.026
14 1958 O01A Aipha 1 | Explorer 1 NASA 339 Cyl 2,03 x 0.15 18.77 | 0.1622 | 0.09416
14 . |1967-11A Diademe 1 FRANCE 566 - - - - -
13 1968-011B - - 1185 - - - - -
13 1965-27A Atlas Agena USAF/USA 271 Cyl 11.x 1.5 2000 0.06762| 0.00724
13 1965-27C - USAF/USA 1240 - - - - -
13 1967-14A Diademe 2 FRANCE 587 - - - - -
13 1968-002B Geos 2 Rocket - 1083 - - - - -
13 1968-002A Geos 2 - 1084 - - - - -
13 1960-14A XI 1 Explorer 8 NASA 416 Doub. Cone 0.7 x 0.76 41 0.1107 | 0.07044
13 1962-60A B MU 1 | Anna 1B USN 1075 Spheroid 0.91 x 1.22 161 0.0726 | 0.05416
13 1963-53A Explorer 19 NASA 167 Inf. Sph. 3.65 7 14.95 -
13 1965-32A Explorer 27 NASA 941 Octa 0.30 x 0.46 60 0.0274 | 0.023
13 1963-38C SN-39 USAF/USN 1104 - - 61 - -
13 1963-49B Thor Able Star USAF/USN 1051 - - - - -
13 1965-48A Transit USN 1028 - - - - -
12 1961-04B Delta 2 | Explorer 9 Rockets| NASA 633 Cyl 1.83 x 0.46 24 0.3508 | 0.06925
12 1966-13A D-1A FRANCE 508 Cyl 0.2'x.0,5 19 0,1033 | 0.05263
12 1966-13B D-1B Rocket FRANCE 500 Cyl 2.1 x 0.65 68 0.2007 | 0.04879
12 1965-89C - NASA 1135 - - - - -
12 1960-09E Iota 5 - NASA 1536 - - - - -.
12 1965-04A . Tiros 5 NASA 708 Cyl 0.56 1,07 | 138 0.06516 | 0.04342
12 1960-09B Iota 2 Echo 1 Rocket NASA 1503 Cyl 1.2 x 0,51 23 0.2661 | 0.03883 .
12 1965-98A Alouette 2 CANADA 506 Oblate Sph 0.86x 1,07 | 145 0.062 | 0.0498
12 1965-89A Geos 1 | Explorer 29 NASA 1119 Octa + Pyra 0.81x1.22 | 175 0.04624 -
12 1965-63A Secor 5 Rocket UsA 1127 Cyl 1.49 x 0.50 24 0.1201 ; 0,08181
12 1965-63B Secor 5 USA 1128 Sph 0.61 18 0.1624 -
11 1958-01B Alpha 2 | Vanguard 2 Rocket | NASA 554 Cyl 1,2 x 0,51 23 0.2661 | 0.08883
11 1959-07A Eta 1 Vanguard 3 NASA 514 Rocket-Rod-Spheroid | 2.5 X 0.51 68 0.1875 | 0.03003
11 1963-25B Hitch-Hiker 1 USAF 342 Octa 0.3 x0.9 798.8+23 [ 0.06189( 0.02626
10 1966-52B OV3-4 Rocket USAF 644 Cyl 1.5 x 0.46 24 0.2865 | 0.06925
10 1966-52A 0oV3-4 USAF 644 Cyl 0.7% 0.7 78.5 0.0642 | 0.04902
9 1966-00C - - 667 - - - - -
9 1962-29A A EPS 1| Telstar 1 AT/T 940 Sph 0.88 ki 0.07545 -
9 1966-00B - - 724 - - - - -
9 1961-18A Sibma 1{.Midas 3 USAF 3346 Cyl 9.x 1.5 1600 0.08438] 0.01106
9 1966-00A - - 214 - - - - -
8 1966-56A Pageos 1 - 2114 Infl. Sph. 30.48 55 132,68 -
8 1966-56B Pageos 1 Rocket - 4123 Cyl 6.% 1.5 700 0.1286 | 0.02525
8 1962-68B B UPS 2| Relay 1 Rocket NASA 1331 Cyl 1.8 X 0.46 23 0.360 | 0.07227
8 1962-68A BUPS 1| Relay 1 NASA 1367 Octa-Prism 0.81x 0.74 8 0.0785 | .0.05515
ki 1968-26B ovi-14 - 560 - - - - -
6 1963-13A Telstar 2 AT/T 980 Spheroid 0.94 x 0,86 79.4 0.079974 0.07317
4 1963-31B Syncom 2 Rocket - 345 Cyl 1.5 x 0.46 24 0.2875 | 0.0692
3 1966-1108B ATS 1 Rocket - 168 Cyl 6.x1.5 700 0.1286 | 0,025
2 1966-96A Intelsat 2 F-1 cse 3196 Cyl 0.5 x 1.42 140 0.1131 | 0.05075
2 1966-92A Molniya 4 USSR 269 Windmill 3x1.5 1000 0.045 | 0.01767
2 1967-95A Molniya 6 USSR 331 - - - - -
2 1967-101A Molniya 7 USSR 527 - - - - -
2 1964-49E - - 1531 - - -~ - -
2 1965-30A Molniya 1 USSR 2021 Windmill - - 0.12 -
2 1967-82A Cosmos 174 USSR 323 - - _ - -
2 1964-49D Cosmos 41 USSR 1415 - - - - -
2 1967-52A Molniya 5 USSR 902 - - - = -
2 1966-35A Molniya 3 USSR 1236 Cyl 3x15 - - -
1 1964-06D Elektron 2 Rocket - 3849 Cyl 10x2 1500 0.1333 | 0.02094
1 1966-53H IDCSP 7 USAF 33630 Polyhedron {26 faces)| 0.8 X 0.9 45 0.1266 -
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SATELLITE 68 0158

S = 15 REV.s/DAY PER IGEE HEIGHT = 267+ KM,
A = 1.,0824 E.R. E = 040375 I = 7090 DEG.,
Ly Me Py Q@ BEAT PERIOD CENTRAL ANGLE = TRANSVERSE
(DAYS) {DEGREES) (METERS)
15,15, 6, -2 -48.8 7.62D-03 9.19D 02
15415, 7, O -93,.5 8.100~01 _ 9.75D 04
15+s15+ 84 2 -1078.1 | 2.18D 00" °  2.62D 05
164154 6 -3 -39.4 6.60D-04 7.96D Ol
16s15, 7 =1 6442 ' 4.,25D0-01. S.13D 04
16415, B, 1 ' ~17240 3.660 00 4.41D 0S
16,15, 9, 3 . 25246 Be66D=02 © B8.02D 03
17s15s 7» -2 -48,8 "44980-03 . ©.00D 02
17+15s 8, O ~93.5 2039D CO | 2.88D 05
17515, 95 2 ~-1078.1 2.290 01 2.76D 06
17+15+10s 4 113.1 1.310-03 1.570 02
18+s1S5s 7» ~3 -394 1190~03 = 1,430 02
18515, 8, =1 ~6G o2 2.42D-01 2.91D 04
15015:! 9|‘ .l . “172.0 1.100 00 10320 05
18,415,100 3 : 25246 - 1e24D-01 1.50D0 04
13+154 B, =2 ' ~48.8 1.180-02 1.420 03
19,15, 9, © -83.5 2.26D 00 272D 05
19415510, 2 ~1078 41 1.04D 0O 1.26D 05
19415411, 4 11341 177D~03 2.13D 02
20015, 8, =3 -394 1.510-03 1.82D 02
20415410, 1. ~172.0 2+.58D 00 3.10D0 Q5
T 204155114 3 252.6 4. 840~02 5.83D 03
r
SATELLITE 68 0064
S = 15 REV./DAY PERIGEE HEIGHT = 516, KM,
A = 140822 EoRe E = 0.0012 I = 74.00 DEG.
Ly Ms Py " Q BEAT PERIOD CENTRAL ANGLE TRANSVERSE
» (DAYS) (DEGREES) . {(METERS)
15,15+ 7+ O 113.4 1,330 00 " 1.60D 05
16915, 75 =1 . 432,.4 4.4990-01 6,010 04
16+15+ 8+ 1 6542 , 1e720=02 2,070 03
17515+ 84 . O 113.4 1.580 00 - 1.850 05
184154 Be -1 432.4 4432001 54260 04
18415 9+ 1 6542 2,320-03 2.790 02
195159 99y O 113 .4 24730 00 3.290 05
20215+ 9¢ ~1 432.4 2+57D-01 3,090 04
20+15,104 1 6542 6.,95D-03 8.37D 02

© 8.38F

DELTA A
{(METERS)

8+170-01
456D 01
1.070 01
8472002
3.48D 01

14130 02

1.40D0 00
$5.330-01
1.340 02
1.,13D 02
€»18D-02 °
1.57D0~01
1.97D0 01
3.370 01
2.62D 00
126D 00
1.270 02
€.13D 00

7.90D 01
1.02D 00.

DELTA A
{METERS)

625D 01
614D 00
1.42D 00
7.24D0 01
537D 00
1.91D0=01
1.29D0 02
316D 00
S5+473D~01



SATELLITE 68 006C

S

i

A = 1,0839 EeRoe E = 0.0047
Le My, B, G BEAT PERICGD
{DAYS)
15415+ 7 o] —-38.0
16+1Ss 74 -1 —~30.5
1€+415s By 1 ~50.4
17,15, 8, [¥] =380
17415 9 2 -7469
18,15, 8, -1 =305
184154 9o 1 ~50e4
16615, S © ~38 +0
19+154+410 2 -74.9
Z20+159 9 -1 =305
20415410 1 -50.4

SATELLITE ux 3

S = 15 REVe./DAY PERIGEE HEIGHT

A 10819 EeRe E = 0.0068

[0}

Le My Py Q BEAT PERIOQD

ADAYS)
155154 7 0 21 .9
16+415¢ 7 -1 27 a2
164154+ B8 1 18.3
174154 74 -2 36.0
17415, 8 < 219
18515, By -1 27 2
184154 9 1 18.3
134154 9 0 219
239155 Gy ~1 272
2015510 1 1843

15 REV./DAY PER IGEE HE IGHT

503,

1

"

KM,

74+00 DEG.

CENTRAL ANGLE TRANSVERSE
(DEGREES) (METERS)
1,49D0-01 1.80D 04
9.71D-03 1.170 03
4.02D-02 4850 03
1.72D0-01 2.080 04
1.54D-03 1.850 02
8.50D-03 1.03D 03
S5¢41D0-03 653D 02
3.,06D-01 3.69D 04
8629D-04 1.000 02
4.99D-03 6.02D 02
1.620-02 1.960 03

= 475 KMo

I = 80016 DEG.
CENTRAL ANGLE TRANSVERSE
(DEGREES) (METERS)
628002 7.56D 03
3890-03 44690 02
60 73D0-03 411D 02
4.17D~04 54030 01
7.61D-02 G017D 03
S« 49D-03 661D 02
$5425D-03 60320 02
1.28D~02 1.550 03
6+38D~-03 769D 02
3.07D-03 370D 02

DELYA A
(METERS)

2050 01
1.65D0 00
4.18D 00
2+36D 01
1.08D-01
1.44D0 00
£462D-01
4.19D0 01
S4830-02
B.46D0-01
1.68D 00

DELTA A
(METERS)

1570 01
7 +80D0-01
24040 0O
6429D~-02
1,920 01
1.10D0 00
1.60D 00
3e24D 00
1.29D 00
S.39D-01



SATELLITE 68 0288

S = 14 REV./DAY PERIGEE HEIGHT = 139. KM,
A = 11353 E«Re E = 0.1000 I = 81.00 DEG-
Le My Py Q@ BEAT PERIOD CENTRAL ANGLE TRANSVERSE DELTA A
{DAYS) {DEGREES) {METERS) (METERS)
14:14s S5, ~3 ~62¢2 1.320-02 1+66D0 03 1.280 00
14,145 6+ -1 -5049,0 24690 03 3.,400 08 3.18D0 03
14514, 7, 1 63.7 4482D-01 6090 04 458D 01
14514+ Bs 3 31.7 S54070-03 641D 02 G+800-01
15¢14, S, -4 ~4146 520004 657D 01 7 +34D-02
18,14, 64 -2 ~122.8 7«270=02 Q4190 03 32.52D 00
15+,14s 75 O 129.1 1.230 00 1.56D 05 Se74D 01
1S.14, 8, 2 4243 5+31D-02 6710 03 7.64D 00
15+14s 95 4 2543 5+92D0-04 748D 01 1.44D-01
16414, 6,4 -3 ~62e2 159D0-02 2010 03 1.510 00
164145 74 ~1 ~50649 40 3.14D 03 3.970 08 3.72D 03
1€+14,s B 1 637 1+34D-01 1.70D 04 1.230 01
16414+ 94 3 3167 1.12D-02 1.420 03 217D 00
17+14, 6, —4 -41.6 1.63D-03 206D 02 2430D0-01
174914, 74 -2 ~122.8 1.500-01 1.900 04 7.26D 00
17+14¢ 85 © 129.1 3.000 0O 3.79D 0S5 1,400 02
17414, 9, 2 4203 780D=-02 G860 03 1.130 01
17414010, 4 253 S.17D0-04 €530 01 1260-01
18414y 7, -3 ~62e2 1454D-02 1.94D 03 14460 00
184169 8y ~1 -5049.0 240D 03 3.030 03 24840 03
185145 9, 1 637 1.720-01 217D 04 1.640 01
18414410, 3 317 1.43D-02 1810 03 2.78D 00
19518+ 75 -4 =416 2+05D0~03 259D 02 Z+88D-01
19+14, 8, -2 ~12248 9, 36002 1.180 04 4.520 00
134144 9y [s] 12941 272D 00 3+44D0 05 1.27D 02
1941410, 2 4243 2e36D~02 24880 03 3.41D0 00
19516411, & 2543 1.75D0-03 2+21D 02 4¢300~01
20414y 8y ,~-3 ~62e2 1« 75D-02 2.21D 02 1.66D0 00
20+144 9, 1 ~5049 «0 1,770 03 24230 08 209D 03
20914410, 1 63.7 3.180-01 4.02D 04 3e.Cald 01
20418411, 3 31.7 1.00D-0C2 127D 03 1960 GO



SATELLITE 62 25C

S = 14 REV. /DAY PER IGEE HEIGHT = 600, KMo
A = 161312 EoRe E = 0.0328 I = 58420 DEGs A
Le Mo Py Q@ BEAT PERIUD CENTRAL ANGLE TRANSVERSE DELTA A
(DAYS) (DEGREES ) (ME TERS) (METERS)
14+14, Sy -3 103.0 7.61D-04 9.58D 01 40410~02
14,14, 64 =1 368.6 1.11D 00 1.40D 0S 1.790 01
1844144 Ty 1 -233,.5 2.16D0-01 2.72D 04 S.46D 00
15514, 65 -2 161.0 3.76D-02 4,74D 03 1+39D 00
1514, 7+ © -1273.3 7.66D 01 9.670 06 3.570 02
15514, 8, 2 -128.5 9.750-03 1230 03 4.,470-01
16+14e 64 —3 103.0 1.920-03 24410 02 1.11D0-01
16+18, 74+ =1 368.6 5.14D 00 6.47D 0S 8.270 01
16514, 84 1 -233,.5 1.79D 00 2.250 0S5 4,520 01
16+149 95 3 -88.7 1.200-03 1.51D 02 7930-02
174144 75 =2 161.0 Se27D~02 6+63D 03 1.950 00
17+14, 84 © -1273.3 2.57D 02 3.24D 07 1.20D 03
17+14, 9, 2 -128.5 7.810-02 G.84D 03 3.58D 00
184145 74 -3 103.0 1.90D-03 2.39D 02 1.100-01
184144 By ~1 36846 1.45D 00 1.83D 0S5 20340 01
18,14, 9y 1 -233.5 2.18D 00 2.75D0 05 5.52D 01
18414410, 3 ~-88,7 3.61iD-03 4454D 02 2.390-01
154145 84 -2 161.0 7¢24D-02 9.12D 03 2.68D 00
19:14, 9 © ~1273.3 3.08D0 01 3.87D 06 1.43D 02
19,14,10, 2 ~128,.5 8.85D-02 1.110 04 4,08D 00
Z0s14, 8, -3 1030 6+39D-064 B.04D 01 3.710-02
20414, 95 -1 36846 3.01D 00 3.790 05 4 .85D 01
204144105 1 «233,.5 5¢470~02 6.89D0 03 1.380 00
20414,11, 3 -88.7 3,96D-03 4,990 02 2.62D-01



SATELLITE 63 26A

S = 14 REV./DAY PERTGEE HE IGHT = 412, KM,

A = 1.1294 E.Rs E = %0.0574 1 = 49.70 DEGe

Le My Py, Q BREAT PERIOD CENTRAL ANGLE TRANSVERSE DELTA A

(DAYS) (DEGREES) (METERS) (METERS)

14,14, 6+ -1 6347 2.00D-02 24510 03 1.87D 00
14,14, 7. 1 ~239.6 'Ge57TD=02 1.20D0 04 2.35D0 00
15,14, 6, -2 139.0 3.78D-03 44 75D 02 £.83D-01
15.144 7+ O 173.7 5.52D~01 6.940 08 1.38D 01
1514, 84 2 ~7049 2.18D-03 2.74D 02 1.80D-01
16.14, 64 =3 2841 1,020-03 1290 02 2.210~01
16218, 74 =1 63,7 1.75D-01 24200 04 1.64D0 01
16+14, 8, 1 -239.6 1.270 GO 1.600 ©5 2.120 ©1
174144 74 =2 39.0 1.94D-C2 2.44D 03 2,990 00
174145 8, © 173.7 3,78D 00 4.75C 05 1.29D 02
17514y 99 2 -7049 2.8BD-02 3.620 03 2.37D 00
18+14, 7+ =3 2801 7.470-04 ©.39p 01 1.62D-01
18414, 84 -1 637 2e69D-01 3.38D 04 2.530 01
18514, 9, 1 -239.6 3.34D €O 4,190 08 g.190 01
18+16+10, 3 ~41.6 1.720-03 2.16D0 02 2.38D~01
19,164 8By -2 39,0 1.020-02 1.280 03 1.53D 0C
15s249 95 O 173.7 4,620 00 5.81D 05 1.58D 02
19,14410, 2 -70.9 7437D-02 9,260 03 €.05D 00
20+18+ Be -3 28,1 B.46D-04 1.06C 02 1.840-01
20916, 9 =1 6307 1.14D-01 1.430 04 1.07D 01
2041445100 1 ~239.6 4.14D 00 £.20D 05 1.020 02
20e16411, 3 4146 4.470-03 5.630 02 E+420D-01
SATELLITE 62 028

€ = 16 REV./DAY  PERIGEE HEIGHT = TIC. %M,

A = 141285 E.R. £ = 0.0166 I = a8.10 DEG.

Le My Py, 0O SEAT PERIOD  CENTRAL ANGLE TR AN SVER SE NELTA A

(DAYS) {DEGREES ) (METERS) (METERS)

16,14¢ 64 —1 33.4 Paidier s 1.40D 02 2.010-01
144144 74 1 131.0 HediD~03 &.80C 02 2.45N=01
1Se14s Ts O 53,2 3.350-02 4.21D 03 3760 00
154144 8y 2 ~284 .4 1.930-03 2.43D 02 T 90D -02
16414, 7, =1 33.4 1.04D-02 1.310 03 1.880 00
16+145 8y 1 13140 7 «52D-02 S.45D 03 3.41D 0O
174184 7, =2 Paed 5.490-( 4 6.89D 01 1.28D-01
17414+ S+ & 5342 2.431D-01 3.020 04 2.71D O1
17+144 9, 2 -284.4 2.69D-C2 3,380 03 £.55D-01
18414« 8, -1 33,4 1 .81D-02 2.27C 03 1.270 00
18434+ 9, 1 13140 2.120~01 2.660 04 $.59D 00
19516y B =2 2443 §.,210~04 S.29D 01 1.06D-01
16414, q.\\g 53.2 3,270-01 4,110 04

15,145,350, 2 -284.4 7+460-02 9.370 03
2018 94 ~1 33.4 L 18D=-C2 1.440 03
20514410, 1 131.0 2,990 ~C1 3.760 04

10



SATELLITE 63 43A

S = 14 REV./DAY PERIGEE HEIGHT = 335, KM,
A = 1,1295 E«Re E = 0.0682 I = S58+80 DEG.
Le My Py Q BEAT PERIOD CENTRAL ANGLE TRAMSVER SE DELTA. A
(DAYS) (DEGREFS) (METERS) (METERS)
18,144 5, -3 24.4 4430004 Se41C 01 14L70=01
144165 65 ~1 28.8 1.67D=02 2.10D 03 3.51D 00
14+s14, 7+ 1 35.1 °« 24D=-02 1.560 03 2.12D 00
1S5¢l4,y 6, -2 26 o4 4.930-03 €.20D 02 1.130 00
15+144 75 O 31.7 6.16D~-02 7.75D 03 1.18D 01
15,144 8, 2 3965 4 . T50~03 S 97D 02 T4250-01
162144 69 =3 24.4 9. 8B7D~04 1.24D 02 2.86D~01
16414, 74 =1 28.8 7. 54D~-C2 9.68D 03 1.59D 01
1€4,14, 8y 1 5.1 1.01D~01 1.270 04 t.74D 01
16,14, 9, 3 45,0 3.28D~03 44.13D 02 4 e AQD-01
174144 75 =2 2646 5483003 7.40D 02 1,340 00
17+14s 8y O 31.7 2..030-01 2.5%5D D& 3.A9D 01
1714, 9, 2 39.5 2, 73D~02 4600 03 S.70D 00
172144104 & G243 7e21D=0 ¢.07D 01 8,3TD-C2
1E€+144 7 —~3 24 .4 118003 1.45SD 02 Z2.39D-01
18,14, 8, -1 28 .8 1455002 1950 03 24,280 00
18,14, 9, 1} 3541 1.18D=-0C1 1.490 04 2,040 01
18414510 3 45.0 Ce63D-03 1.210 03 1.79D 0C
152144 By =2 2644 1.01D~02 1.27D €3 Z.34D 00
19+14, 94 O 2l.7 2, 73D-07 1s100 03 1.63D 00
1514410, 2 39.5 3,36D0-C2 4.98D 03 €.070 QO
19414411, 4 5243 2.00D-03 2510 02 2e290~01
20414, 9, -1 25eR 4475002 B.970 03 1.0:D 01
20+14410, 1 25,1 8.85D-03 1.11D 03 1.32D g0
20el14,11,5 3 45,0 D, TEImDT 1230 032 121D 0O
SATELLITE 60 067A
S = 14 REVa/DAY PERIGEE HEIGHT = G118, KM,
A = 141307 EoR. £ = 00303 I = 66.70 DEG.
e My Ps 0O BEAT PERIOD CENTRAL ANGLE TRANSVERSE DELTA A
(DAYS) tDEGREES) (METERS) {METERS)
14414, 6, -1 275 1.220-02 1.53D 03 258D 62
14s18, 75 1 25,1 & +660-073 8. 38D 02 1.610 00
15+144 6, -2 2943 1e14D-03 1.43D0 02 2e340-01
15+144 75 O 26¢5 Se76D-02 724D 03 1.330 C1
15+14, 8, 2 24,0 7. 63D-04 G.60D 01 1.9%50=01
16s145 75 -1 27 9 1« 79D=02 2.260 03 3.92D 00
16514, 8, 1 2541 2.77D~02 3.480 03 675D 0C
17414y 74 =2 29.5 1.68D~-03 2,120 02 3.47D=01
17,14, 8, Q 2645 3.50D-02 44410 03 Rel10D 0O
17+314s 9, 2 24,0 24 7TD~C3 3490 02 T.100-0%
185144 8, ~1 275 1.77D-02 2.230 €3 Z.88D0 00
18+14, 9, 1 25.1 Se290-C4 6.660 N1 1,290-01
1S514, 9, O 26.5 5a41D=02 8,077 03 143D 01
19214410, 2 240 5e930~04 7,480 01 153001
20s14s 9, —1 273 40 340-03 56470 02 $+550-01
20514410, 1 25.1 Vea7h-n? 179D 03 3.490 00

11



SATELLITE 66 28D

s

it

A

Le My

16514,
17,14,
18+14,
19+148,

101487

P

B
8
G
S

205144910,

SATELLITE

s

A

Ly M,

14414,
15514,
16514,
16s+14,
17+14,
17414,
1€.214,
18414,
19+14,
19414,
20e14,

Py

(XY
Te
T
B
T
By
8
G
8,
QD
Qs

20941445100

SATELLITE 59 09A

s

i

A

Lae Ms

14414,
14414,
15+14,
1614
16414,
1714,
17514,
17+14,
18.+14,
18+14,
19+14,

Ps

6
T
T
T
8
T
8.
G
B
9
S

195144510

20414,

Qs

204144100
209144511

14 REV./DAY

EeRe

Q

-0 O e

60 09A

14 REV./DAY

11321 EaR.

[¢]

-1

-1

-2

-1

-2

-1

14 REVe/DAY

11265 E+Ro

Q

W )G M NON = MO ™

PER IGEE HEIGHT = 886+ KM,

E = 0.0085

BEAT PERIOD

1

(t}

144,50 DEG.

CENTRAL ANGLE

{DAYS) {DEGREES)
~-213.4 3¢45D~03
6646 3.95D0-03
-213+4 1.61D-02
6646 1.47D~02
-213+4 4.63D0-02
PERIGEE HEIGHT = 730+ KM,
£ = 0.01S56 I = 47.20 DEG.

BEAT PERIOD

CENTRAL ANGLE

{DAYS) {DEGREES)
—26 ¢4 S5.550-04
-20a2 4.06D-03
~2604 5+4440D-03
-1603 Q9e24D-04
~-38.2 1.140-03
-20.2 3.06D0~02
~2644 l1.01D=02
~16.3 273D-03
~38e2 1.030-03
-20.2 A4 49D-02
-2644 7.66D-03
~1643 4.180-03
PER IGEE HE IGHT = 5S51s KM,
E = 0.0356 1 = 50430 DEGe.

BEAT PERIOO CENTRAL ANGLE

(DAYS) (DEGREES)

14.1 6.28D-04

19.2 4.08D-04

16.2 4,75D-03

1441 $.220-03

1902 S5.19D0-03

12.4 7.150-04

162 3.04D-02

2365 1.260-03

14 .1 7.420~03

1942 1.290-02

16.2 3.37D0-02

23,5 3+ 06D~03

14,1 24420-03

192 1.46D-02

303 R R )

12

TRANSVERSE
{METERS)

4 2420
5,050
2 +06D
1.88D
54910

o2
02
03
03
03

TRANSVERSE
(METERS)

7.000
S.12D
6.,85D
116D
1.44D
3.86D
1.280D
3.44D
14300
S 466D
9. 65D
S.260

01

02
02
02
02
03
03
02
02
03
02
c2

TRANSVERSE
(METERS)

7 +88D
5e12D
54960
6550
6510
8.96D
3.81D
1.58D
94300
1.61D
4,230
3.84D
3,030
1.830
7+02C

01
o1
o2
02
o2
01
03
02
02
03
03
o2
02
03

-
2

DELTA A
(METERS)

Se93D~02
4464D-01
1.38D 00
1.330 00

DELTA A
{METERS)

1.22D0-01
1.150 00
1.190 00
3.21D-01
1.730-01
B8.66D 00
2.21D 00
9e44D-01
1.57D-01
1.26D0 01
1.66D 00
1.43D0 00

DELTA A
(METERS)

24760-01
1.29D-01
1.80D0 00
231D 00
1.650 00
362001
1.160 01
3.27D-01
3.30D 00
4+12D0 00
129D 01
Te95D-01
1.08D0 00
4,700 00
Le12D-01



SATELLITE 66 2%tA

S = 14 REV,/DAY

A = 11488 E.R,

Le ¥,

16214,
17014,
18+14,
1S+14,

Po

8,
8.
9
9

20414:10,

SATELLITE 63 54C

-]

A

Le Mo

14.14,
15+14,
16414
1€+14,
17514,
18+.14,
1Ba.14,
1914,
20414,

P

69
7s
T
8,
8
8.
(=2
Sy
e

SATELLITE

S

#

A

fl

Le M,

144,14,
14514
15414,
16014,
1714
18414y
19+14

P,

6y
T
£
B,
B
D
Gy

20+14,10,

¢}

-0 O m

14 REV./CAY

161265 EJRe

Q

64 26A

14 REV,/DAY

141415 EeRe

Q

) ) e D) e

PERIGEE HEIGHT = 887,

£ = 00,0085

BEAT PERIOD
(DAYS)

~152.7
7640
~152¢7
76 .0
-152.7

PER IGEE HEIGHT

E = 0.0153

BEAT PERIDD
(DAYS)

11.1
115
11,1
12.0
11.5
1161
12.0
11.5
11 .1

PERIGEE HEIGHT

E = 0.0066

BEAY PERIDD
{DAYS)

-13+4
=176
-15.2
=17 «6
-15.2
-17.6
~15.2
-17.6

KM,

I = 144,50 DEG.

CENTRAL ANGLE
{DEGREES)

1+770-03
5+1650-03
8.26D-03
1.920-02
2.37D-02

697

)]

1

[

CENTRAL ANGLE
(DEGREES)

4.,68D-04
6013D-03
2.110-03
24170~03
10980‘02
S.35D0-04
2¢57D-03
1.820-03
1.220-03

[t}

854 .

1

i

CENTRAL ANGLE
{DEGREES)

7+72D=-04
24 06D-C3
8¢12D-03
20.19D0~03
1.61D-02
1.51D0-03
Le260=~02
1.230-03

13

TRANSVERSE
(METERS)

2.260
659D
1.06D
20*60
3.03D

KMo

$8.40 DEG.

o2
o2
03
03
03

TRANSVERSE
(METERS)

S..870
T 690
2650
20720
2.48D
6.71D
3220
2.28D
1530

KM,

90450 DEG.

01
02
02
02
03
01
o2
02
02

TRANSVER SE
(METERS)

9810
262D
1.030
278D
2.050
24 04D
14610
156D

DELTA A
{METERS)

7 09D-02
40220~01
3+310~-01
1.58D0 00
9 +480~01%

DELTA A
(METERS)

2465001
3.34D 00
1.210 00
1.14D 00
1.090 01
3.08D0-01
1.36D0 00
1.010 00
7.11D-01

DELTA A
{METERS)

3+310-01
6.84D-01
3.080 00
7.230-01
6.07D 00
527D-01
473D 00
4.01D-01



SATELLITE 66 318

S

#

14 REV./DAY

A

it

11246 E4Re

Ls My P, Q

17¢14+ B 0
195134 9, [¢]

SATELLITE 6% 81A

S

"

14 REV./DAY

A

i

11463 E«Ra

Ls Me Py Q

14914+ 64 ~1
14,14+ 7, 1
15.14, 7, 0
1€e14s 7s -1
164144 B 1
17,18, 74+ -2
17,14, 8, ©
17+14+ 9» 2
18414, 8+ —1
18,14, 9, 1
19,14, Q. C
9¢14010 . 2
20s14s 95 =1
20514510, 1

SATELLITE 64 31A

]

il

{4 REV./DAY

A

121306 E R

Le My P, o]

19+184 7 (¢}
174144 By

(o]

PER IGEE HEIGHT

£ = 0.0011 I

T87¢ KMo

35.00 DEG.

BEAT PERIOD CENTRAL ANGLE TRANSVERSE

(DAYS) { DEGREES) (MEYERS)

1649 1.96D-03 2.450 02

16.9 5.670-03 7.10D0 02
PERIGEE HE IGHT = 419, KM,

E = 00703 I

BEAT PERIDD

CENTRAL ANGLE

= 87.30 DEG.

TRANSVER SE

(DAY S) { DEGREES) (METERS)

—~5a7 1.87D~03 2039D 02

~6e3 3,230-03 4,120 02

-6 40 4.46D-04 5,690 01

-547 1.750-03 2230 ©2

-6+3 3.320~03 4,240 02

5.4 4 4,0BD~04 54200 01

-6e0 T« 78D0~04 9,930 01

-647 S.050~04 1.150 .02

~547 1.19D~03 1.52D0 02

-643 2.34D-03 2.99D 02

-6540 5.000=-04 6.38D 01

-6.7 B4 550-04 1.090 02

~547 B8e930-04 1.14D 02

-6.3 1.70D-03 217D 02
PERIGEE HEIGHT = 828. KMs
E = 00007 1 = ©G9.80 DEGs

BEAT PERIOD CENTRaAL. ANGLE TRANSVERSE

(DAYS) (DEGREES) (METERS)

Se6 2.34D-03 Ze94D 02

Seb 2.17D=03 2.74D 02

14

DELTA A
(METERS)

7.14D-01
2080 OO

DELTA A
(METERS)

179D 00
281D 00
4.040-01
1.640 0C
2+.85D 00
3.96D-01
6+950-01
7 «3%5D0-01
1.10D 00
1990 090
4 041D-01
€.86D~-01
84150-01
1.43D 00

DELTA A
( METERS)

2.85D 00
270D 00



SATELLITE

S = 14 REV

A

it

11474

Le Mo P,

15514, 7»

17+14, B»
19145 9o

SATELLITE

S

14 REYV

A

1t

1.1446

Le M, Py

15+14s 7»

I17.14, 8.
19414, 9,

SATELLITE

s

i}

14 REV

A 1.1480

Lo My P,

154144 7o
174145 B,
19,14, G

SATELLITE

S

14 REV

A 1.1449

Le ¥y P,

15514+ 75
17+314, 8,
19+14+ 9.

64 518

« /DAY

EsR e

Q

o

64 Q1A

« /DAY

EasR e

[¢]

[ =]

64 51A

o« /DAY

EeRe

Q

OO

65 16A

0 /DAY

E.R.

G

o

PERIGEE HEIGHT

€ = 0.0100 I

867+ KMa

7950 DEG.

BEAT PERICD CENTRAL ANGLE TRANSVERSE
{DAYS) (DEGREES) (METERS)
-4 46 1.060-03 1.35D 02
~4 .6 2120-03 271D 02
~4 46 1¢540~C3 1.970 02
PERIGEE HEIGHT = G10. KM,
E = 040017 I = 69.90 DEG.
BEAT PERICD CENTRAL ANGLE TRANSVERSE
{DAYS) (DEGREES) (METERS)
~4.9 1.340-03 24470 02
—4.49 4.31D-04 Se49D 01
—4.9 135D0-03 1.72D0 02
PER IGEE HEIGHT = 867, KMo
E = 0.0105 I = 7990 DEGa
BEAY PERIOD CENTRAL ANGLE TRANSVERSE
{DAYS) (DEGREES) {(METERS)
~45,4 9+600~-04 1.23D 02
=4 o 1.92D0-03 20450 02
~4 o4 133003 1 780 02
PERIGEE HEIGHT = 907« KM,
E = 0.0024 I = 70.00 DEG,
BEAT PERIQD CENTRAL ANGLE TRANSVERSE
(DAYS) (DEGREES) (METERS)
-4 .8 1.85D-03 2¢35D 02
-4 o8 4.54D~-0C4 S.79D 01
~4 48 126D-C2 1.60D 02

15

DELTA A
( METERS)

14210 00
237D 00
1.690 00

DELTA A
{ METERS)

2.09D0 00
4.56D-01
1.41D €O

DELTA A
{METERS)

1.140 00
2.24D 00
1.60D 00

DELTA A
{METERS)

2.03D0 00
4,9510-01
1.340 00O



SATELLITYE €1 1SA

S

A

Le My Py

15+145 7o
17+14, 8,
19+s14, 9o

SATELLITE 64 76A

]

A

Les My Py

14414+ 6
14+14+ 7o
154144 7
16s14, 7,
17+14, 8
18,14, 8,
19214+ 9>

SATELLITE 61 158

S

it

A

Le Ms P,

1Se14s 7o

174144+ 8,
19+14+ 9

SATELLITE 64 64A

S

A

[

Le My P,

15140 T
'TLlde B
19+14, 9

14 REV /DAY

1.1471 E.R.

Q

(~ 3~

14 REV./DAY

11530 E<R.

Q

14 REV./DAY

11473 Ee.Ro»

Q

o oo

14 REV./DAY

1.1541 E<Re

Q

o000

PERIGEE HEIGHT =

E = 0.0076

BEAT PERIOD

(DAYS)

=349
-39
=309

PERIGEE HEIGHT

E = 0.0640

BEAT PERIOD

(DAYS)

-3.1
-3.3
=3.2
~31
~3.2
~3e1
-3.2

1

ag3. K“.

= 6680 DEG.

CENTRAL ANGLE

1

(DEGREES)

1.110-03
6+330-04
1.18D-03

505«

KM,

= 8130 DEG.

CENTRAL ANGLE

PER IGEE HEIGHT

E = 0.0076

BEAY PERIOD

(DAYS)

-3 .8
=38
-3.8

PERIGEE HEIGHT

E = 040130

BEAT PERIOD

(DAYS)

~3.0
"3'0
~3.0

i

{DEGREES)

54310-04
6+66D-04
50.03D~04
S5.95D-04
1.150-03
4 .380-04
G.81D0-04

884,

CENTRAL ANGLE

1

(DEGREES)

1.0BD-03
6415D-04
1.150~-03

= 7960 DEG.

CENTRAL ANGLE

(DEGREES)
4 .44D=04
- Y

6¢14D-04

16

KM,

66,80 DEG,

BB7 e KM,

TRANSVERSE

(METERS)

1.420 02
8.080 01
1.510 02

TRANSVERSE
(METERS)

6.81D 01
8.55D 01
6+450 01
764D 01
1.470 02
$.630 01
1.260 02

TRANSVERSE
(METERS)

1.38D 02
786D 01
1.47D 02

TRANSVERSE
(METERS)

S 700 01
1.12D0 02
7.88D 01

DELTA A
(NETERS)

1.470 00
8.24D-01
1.51D ©0

DELTA A
(METERS)

8454001
1.03D 00
7.84D-01
9 +.34D-01
1.75D 00
6.720-01
1.46D0 00

DELTA A
{METERS)

1.45D0 00
8+10D-01
1.480 060

DELTA A
(METERS)

7+390-01
1.41D 00
Se72D~01



SATELLITE 58 01A
S = 14 REV./DAY
A = 141194 EJRoe
Le My, P, Q
19414, 9¢ O

20414, 9y ~1
20+14,10, 1

SATELLITE 67 11A

S

14 REV./DAY

A 11492 E.aRe

Le My Py Q

1Ss14s 9 [¢]

SATELLITE 68 0118

§ 13 REVe/DAY

A 11875 EJRo

Les My Py @

13+13» 6
15,130 7»
17.13, 8,
1913+ 9

o0 0o

PER IGEE HEIGHT =

E = 0.08592

PER IGEE HEIGHT =

3

PER IGEE HEIGHT =

E = 0.0014

BEAT PERIOD

{DAYS)
66

5.7
79

0.0526

BEAT PERIOC

{DAYS)

-207

BEAY PERIOD

{DAYS)

12.6
12.6
12.6
12,6

339, KM,

1 = 33.10 DEG.
CENTRAL ANGLE
(DEGREES)

7+510-04
6.97D-04
4.43D0~04

566+ KMo

1]

I 3990 DEG.

CENTRAL ANGLE
(DEGREES)

4.310-04

1185 KM,

1

"

74.00 DEG.,

CENTRAL ANGLE
({DEGREES)

1..620-02
1.850~03
5+23D-03
4.020-03

17

TRANSVERSE
(METERS)

9.360 01
8.680 01
54520 01

TRANSVERSE
(METERS)

5510 01

TRANSVERSE
{(METERS)

24150 03
2.44D 02
©.91D 02
S.310 02

DELTA A
(METERS)

7«590~-01
8043D-01
3¢710~-01

DELTA A
(METERS)

7.30D-01

DELTA A
(METERS)

9.10D 00
1,050 00
298D 00
2310 0O



SATELLITE 65 27A
S = 13 REV./DAY PERIGEE HEIGHT = 271« KMa

A = 1.,2033 EaR. E = 0.1337 I = 90.20 DEG.

Ly Ms P, @ BEAT PERIGD CENTRAL ANGLE TRANSVERSE
(DAYS) (DEGREES) {METERS)
13,135 S¢ =2 ~7 el 1.29D-03 1.730 02
13413 65 O -7e9 1¢52D0~-02 2+04D 03
139134 79 2 -9.0 5+50D~-03 7370 02
14,13 65 -1 “7e5 2.680-03 3.590 02
14,13, 8, 3 -9+6 6.47D~04 B8.67D 01
1513, 75 O -7 9 6+61D-03 B.85D 02
1S5:13+ 8, 2 -9 .0 2.930-03 3.930 02
16'!3s 7’ -l '705 40220—03 5.650 02
16513, 9, 3 ~9.6 1.24D-03 1.67D0 02
’.7’139 7’ -2 "701 Be 040"04 10080 02
17.139 84 O =79 4,920~03 6.59D 02
17.13, 9o 2 -9 .0 2e5330~03 3.47D 02
18,13, 8, -1 -7e5 3.510-03 4,700 02
18513,10, 3 ~9.6 1.230-03 1.65D 02
1913, 8, =2 ~7e1 1.01D-03 1.360 02
19913¢ 9 O -709 3.380-03 4,530 02
19513410, 2 ~9.+0 2.07D-03 2.77D 02
20513+ 95 -1 -7 5 2.860~03 3.84D 02
20,135,111, 3 ~946 1.170-03 1.57D 02
SATELLITE 65 27C
§ = 13 REV./DAY PERIGEE HEIGHT = 124G, KM,
A = 1,2026 E+R: E = 0.0068 I = 90620 DEG.
Le My P, Q BEAT PERIOD CENTRAL ANGLE TRANSVERSE
(DAYS) (DEGREES) (METERS)
135135 64 O -8.7 9.04D-03 1.21D 03
15’13’ 71 4] "807 3.220-03 40320 02
17:13, 8o O ~8Be7 1.95D0-03 2.610 02
19+13s 9% O ~8s7 1.,070-03 1.44D 02

18

DELTA A
{METERS)

1150 00
1.22D 01
3.92D 0C
225D 00
4031D-01
S«23D 00
207D 00
350D 00
8+19D-01
6.95D=~C1
3.85D0 00
1.81D 30
287D 00
8.040-01
8.65D0-01
2.61D 00
1.43D 00
2.32D 90
7458001

DELTA A
{METERS)

663D 00
234D 00
1.400 00
7.630-01



SATELLIYE 67 14A

XM, .

S = I3 REV./DAY PERIGEE HEIGHY = 587+
A = 141929 EJRe E = 0.08486 I' = 39.40 DEG.
Le My Py Q BEAY PERIOD CENTRAL ANGLE TRANSVERSE
{DAYS) {DEGREES) (METERS)
154136 60 =2 ~=15.6 7 +58D0~04 1.010 02
1513, 75 o ~10.6 Q9 .730-04 1.29D 02
16134 6» =3 -20048 S5¢760~04 T7+65D 01
160139 Te -1 ~1266 20490-03 3310 02
166130 8e 1 -9e2 4465008 60170 01
1713, 7, =2 158 2.140~03 2.84D 02
17+13, B8, ] =10.6 3.290-03 4,370 02
189136 79 -3 -20 e84 8.370~04 111D 02
18913, 8. -1 ~12.6 a4, 84D0~-03 643D 02
18+13, 9o 1 =9e2 1.320-03 1,750 02
19513s 8y -2 -15.6 2.67D-03 3.550 02
19413+ 9 [¢] =106 5664003 748D 02
£0+13s 84 -3 -20e4 4,170-04 553D 01
20,13, 9, —1% -12¢6 S5.480-03 7.280 02
20213410 1 -9e2 2¢380-03 30,160 02
SATELLLITE 68 0028
S = 13 REV./DAY PER IGEE HEIGHT = 1083, KM,
A = 1,2081 E+Re E = 0.0317 I = 105.80 DEGe
Les M, B, Q BE AT PERIOD CENTRAL ANGLE TRANSVERSE
(DAYS) (DEGREES) ({METERS)
13+13s 6 [+] ~6+6 2039D-03 3,210 02
145135 7o 1 -6.8 S.47TD-04 736D 01
1513, 7 (] -6 o6 2+35D-03 3.160 02
17513, 8, Q -6.6 1.26D~03 1,700 02
SATELLITE GENS 11
S = 13 REV./DAY PERIGEE HEIGHT = 1084, KM,
A = 1.2086 EsRe E = 0.0320 I = 105.81 DEG.
Ly My, P, G BEAY PERIOCD CENTRAL ANGLE TRANSVERSE
(DAYS) {DEGREES) (METERS)
134134 6, 4] =623 2.16D-03 2.91D0 02
14513, 7o i ~5e¢5 4 ,37D-04 Go 69D 01
15413 75 C ~603 2413D-03 2.86D 02
17+13s 8o 0 ~65¢3 1.14D0~03 1.540 02

19

DELTA A
(METERS)

3130-01

' 5.760~01

1.84D-01
1.250 00
3.14D-01
8+780~01
1.93D 00
2.650-01
2.41D 00
8.830-01
$.090 00
3.280 00
1:32D0-01

271D 00

1.57D 00

DELTA A
(METERS)

2.280 00
5+04D-01
2.21D 00
1.17D 00

DELTA A
(METERS)

2,15SD 00
2,090 00
i.11D 00



SATELLITE 60 14A
S = 13 REV./DAY
A = 1.2085 E.R.

Le My, P, Q

15136 7
160139 79 -~
16,13, 8,
172139 8,
18+13» 8¢ ~
18,13+ 9
1913, 95
19913010
204313410,

PO e e OO

PERIGEE HE IGHT
€ = 0.1156 1

BE AT PERIOO
(DAYS)

-39
-840
-3 7
=3.9
=40
=347
~3.9
—~3e6
-3e7

SATELLLITE 62 60A

S 13 REV./DAY

A = 11770 EeRe

Le My Ps Q

15¢139 7o 0

17+13, 8, ©
194135 9 O

SATELLITE 63 S3A

[

S 13 REV./DAY

A

#

1.2152 EeR.

Ls My, P, Q

139134 6 0

PERIGEE HEIGHTY
E = 0.0072 1

BEAT PERIOD
({DAYS)

563

5e¢3
53

PER IGEE HEIGHT

E = 0.0781% 1

= 416, KMo

= 49,90 DEG.

CENTRAL ANGLE

(DEGREES)

9.250-04
1150-03
T«430-04
1.770-03
7 .86D-04
116D-03
1.9060-03
4673004
T7e316D-04

= 1075« KM,

= 5010 DESG.

CENTRAL ANGLE

(DEGREES)

9¢44D~04
1.510-03
7 .270-04

H

T67e¢ KMo

= T78+70 DEG.

BEAT PERIOD CENTRAL ANGLE

{DAYS)

-2+8

SATELLITE 65 32A

S

13 REV./DAY

A 1.1764 E.P,

[}

Ls My Py, Q

17.13, 8y ©
19413+ 9+ O

PERIGEE HEIGHT

E = 0.0246 I

BEAT PERICD
(DAYS)

Seb
5.6

{DEGREES)

1¢170-03

941, KM,

= 41.10 DEG.

CENTRAL ANGLE

(DEGREES)

7 «70D~-04
1.07D~-03

20

TRANSVERSE
(METERS)

T.24D 02

1.58D 02

9.96D0 01
24380 02

1-050'02

£.550 ©
1.420 02
6.34D 01
$.590 01

TRANSVERSE
CMETERS )

1.24D0 02

1.980 02
953D 01

TRANSVERSE
(METERS)

1.880 02

TRANSVERSE
(METERS)

1.01D0 02
1.40D 02

‘DELTA A
(METERS)

1.370 00
1.65D 00
1.120 00
2.57D 00
1.100 00
1.700 00
1.510 00
7+030-01
1.030 00

DELTA A
(METERS)

1.370 00

24240 00
1.110 00

DELYA A
(METERS)

232D 00

DELTA A
(METERS)

1.080 00
1+.54D 00



SATELLAITE 63 38C

S = 13 REV./DAY PER IGEE HEIGHT = 1104+ KMo

A = 1.1731 E«Rs E = 0.0 I = 89,90 DEG.

Le My Py, Q BEAT PERIOD CENTRAL ANGLE TRANSVERSE
(DAYS) (DEGREES)? {METERS)

13,13, 6, 0 27 8.72D-04 1.14D 02

SATELLITE 63 498

S = 13 REVe./DAY PERIGEE HEIGHT = 1051+ KM,

A = 11715 E,Re E = 00057 I = B8990 DEG.

Ls My Py Q BEAT PERIOD CENTRAL ANGLE TRANSVERSE
(DAYS) ({DEGREES) (METERS)

13,13, 6+ O 2e5 T+ 55D-04 9.84D 01

SATELLITE 65 48A

S = 13 REV./DAY PERIGEE HEIGHT = 1028+ KMo

A = 1.1700 EoRo E = 0.007S 1 = 89,90 DEG,

Ls My Py Q BEAT PERIOD CENTRAL ANGLE TRANSVERSE
{DAYS) (DEGREES) (METERS)

13+130 65 O 2.3 6465D-04 84650 01

21

DELTA A
(METERS)

286D 00

DELTA A
(METERS)

2.720 00

DELTA A
{(METERS)

260D 00



SATELLITE 61 048

S = 12 REV./DAY PERIGEE HEIGHT = 6330 KM,
A= 1.2528 E,R. E = 0.1226 1 = 38.80 DEG,
Ls Me Ps 0 BEAT PERIOD CENTRAL ANGLE TRANSVER SE DELTA A
{DAYS) {DEGREES) (METERS) (METERS)
12.12¢ 64 1 ~467.8 9.690-03 1350 03 1.58D-01
13,124 S¢ -2 26.7 1.38D0-03 1.920 02 4.07D0-01
13,12+ 65 O 90 .48 2.74D=-02 3.820 03 2.34D 00
13,12, 75 2 6502 S. 46004 7.62D 01 6.330~02
14412, S5+ ~3 19.7 4.40D0-04 6+34D 01 1.78D-01
14512¢ 65 -1 41.2 1.28D-02 1.79D 62 2.43D 00
14912, 7, 1 -467 .8 5.050~C1 7.050 04 8.25D 00
154124 64 =2 . 267 6.56D~03 9.14D 02 1.940 00
1512+ 7+ O 90.4 10550=-01 2.16D0 04 1.32D0 01
i15+12, 8, 2 ~6542 5.49D-03 7.65D0 02 6.35D-01
16,12+ 64 =3 19 .7 9.39D0~G4 1.31D 02 3,820-01
164125 74 =1 4142 3.480-02 4,850 03 660D 00
160124 8y 1 -467.8 2.01D 00 2.80D 05 3.280 01
175124 7o -2 26.7 7.500-03 1.050 03 2.23D 00
17,12+ 8+ O 90.4 2.380-01 3.320 04 2.04D 01
17:124 94 2 -65 .2 1.46D=02 2.03D0 03 1.68D0 00
18412+ 7+ -3 19.7 6.650-04 9,280 0% 2.72D-01
18512 8, =1 4102 4.49D-02 6.27D 03 8.550 00
185125 9, 1 ~467.8 4 .060 00 S+66D 05 6+62D 01
18+412,10, 3 ~35.0 1.130~03 1.57D 02 2.38D-01
16012, 8y =2 26 .7 S.210-03 7.26D 02 1.56D 00
155124 9¢ O 90 .4 2.930-01 44090 04 2.510 01
19,124,110, 2 -65.2 3.14D-02 4.38D 03 3.620 00
209124 9, —1 412 3.16D0-02 4.41D 03 6£.03D 00
20512410, 1 ~467.8 5.36D 00 7.470 0S 8.74D 01
20+12+11, 3 -35,0 2.65D-073 3.69D 02 5.590-01

22



SATELLITE 66 13A

S = 12 REV./DAY

A = 102529 EoRe

Le My

13,12,
1312
14+12+
14,12,
14412,
156312,
150125
15.12,
1612
1612
16412,
17124
17¢120
17120
18412,
18,12
18012,
19912,
19.12,
1912,
20612,
20+12,

Py

Se
(-1
S
.
Ts
69
Te
8,
6
T

8y

To
8y
X
T
8
D
8y
Ge
10,
=X}
9

20.,12510,
209125116

]

-2

-3
-1

-2

-3

-1

-2

-3

-1

-2

-3
-1

PERIGEE HEIGHT

E = 0.1383

BEAT PERIOCD
(DAYS)

28 .9
362.3
19.8
83.5
~7640
28.9
362.3
_3404
19.8
535
-7640
28 .9
36243
~34.4
19.8
§3.5
=760
28 .9
3623
—-34.4
19.8
53.5
~76.0
—-2202

508s KMo
I = 34.00 DEGe

CENTRAL ANGLE
(DEGREES)

9+48D-04
1.620~01
3.84D-04
1.,090-02
4.940~-03
S¢74D~03
1.120 0O
5.810~-04
1.160-03
3.,800-02
2+390-02
9.28D0-03
20220 00
1.86D-03
1.,620-03
6.910-02
6. 15D-02
1.18D0-02
3,830 00
5.09D0-03
1.130-03
8¢460-02
1.120~01
6e¢34D-04

23

TRANSVERSE
(METERS)

1320
2.25D
54350
153D
690D
800D
1560
8,110
L1620
$.,300
3,330
129D
310D
2+60D
24260
Q63D
858D
1.650
54340
710D
1.58D
1.180
1.56D
8B+.84D

02
04
01
03
02
02
05
01
02
03
03
03
0%
02
02
03
03
03
0S5
02
02
04
04
01

DELTA A
{METERS)

2.580-01
3.42D 00
1.55D-01
1.59D 00
4,920~01
1.570 00
2.37D 01
1.260-01
4.,71D-01
5.52D 00
2.38D 00
254D 00
4.70D 01
4,03D~01
6.610-01
1.01D 01
6.11D 00
3+.26D 00
8.11D 01
1.10D 00
1.23D 01
1.110 01
2.07D-01



SATELLITE 66 130

S = 12 REV./DAY

A = 1.2527 EJR,

Ly M,

13,12,
13,12,
14,12,
14,12,
1512,
15+12»
15+12,
16912,
16+12
16+12,
17,12,
17:32»
1712,
18+12
18+.12,
18+12,
19+12,
1912,

Py

Se
69
6o
Ty
1)
Ts
B
¥
Ts
Bs
T
B
G
)
8,
9
8
9

19.12,10,

20412y
20412,

89
D

20412210,
20912511,

Q

-2

-1

-2

-3

-1

-2

-3

-1

-2

-3
-1

PERIGEE HEIGHT =

E = 0.1392

BEAT PERIOCO
(DAYS)

267
180.3
46506
-96 +3
2647
180.3
-38.0
18.7
46 .6
-9663
2667
180.3
~3840
18.7
46 6
-96 « 3
267
1803
—-38.0
187
84646
-96 ¢3
-23.7

I = 34.00 DEG,

CENTRAL ANGLE
{OEGREES)

8 . 250~04
4.04D0-02
8¢ 380-03
8. 04D-03
5.000~03
2.800-01
723004
1.07D0-03
2092D0-02
3.89D0~02
8,100-03
5+570-01
2+320-03
1.490~-03
S5.31D-02
1.00D-01
1.040~02
9 +564D-01
6 .35D~03
1.040~-03
6+52D-02
1.83D-01
7+39D-04

24

$00. KM,

TRANSVERSE
(METERS)

1.150 02
5.630 03
1.17D0 03
112D 03
6.98D 02

3+91D 04

1.01D 02
1.490 02
4,070 03
5.,43D 03
1.13D0 03
7.770 04
3.24D 02
2.08D 02
74410 03
1.40D 04
1.44D 03
1.34D 0S
8.86D 02
1.450 02
9,090 03
2.55D0 04
1.030 02

DELTA A
(METERS)

243D~01
1.72D 00
1.400 00
6¢33D~01
1+48D0 00
1.190 01
1.42D0-01
4+59D-01
40,8390 00
3.06D 00
2.410 00
20380 01
4 ,56D=01
€6.44D-01
8.920 00
T«89D 00
3,090 00
4.11D 01
1.24D 00
4053D-01
1.10D0 01
1.44D 01
2.280-01



SATELLITE 65 8SC .

S = 12 REV.’/DAY PERIGEE HEIGHT = 1135 KM,
A = 1.2578 E.R. € = 0.0635 1 = 59.30 DEG.
Ls Me P, Q@ BEAT PERIOD CENTRAL ANGLE TRANSVERSE
(DAYS) {DEGREES) {METERS)
12512, 54 =1 ~43.8 2.70D-03 3.78D 02
12,12, 64 1 -37.6 1.090-03 1.520 02
134124 S5y =2 ~47 o8 5. 06D~03 7.08D0 02
13412+ 60 O ~-40 .5 5.84D-02 8.17D 03
13412, 7+ 2 -3501 1.60D-03 2.24D 02
14512, 6+ —1 -43.8 2444D=02 3.42D 03
16,12+ 7+ 1 ~37.6 2. 06D~02 2.88D 03
15612, 75 O -40,5 6.89D-02 9.64D 03
15412, 8, 2 -35.1 5,62D~03 7.88D 02
164124 &5 -3 ~52 46 S.35D~04 7.50D0 01
16412+ 79 ~1 -43.8 4 .68D-03 6.55D 02
16+12y 8, 1 ~37.6 1.57D-02 2.19D 03
16,12+ 9, 3 -32.9 5.530~04 774D 01
17,124 7» =2 -47.8 3.18D-03 4.45D 02
17212 8+ O -40 .5 1.43D-02 2.01D 03
17+124 94 2 -35.1 2.59D-03 3.62D 02
18,12, 8, -1 -43.8 1.02D-02 1.43D 03
18+12, 9, 1 ~37.6 6.610~03 9,250 02
191121 8’ -2 -‘4708 10940‘03 2-710 02
19,12+ 95 0 -40.5 1.53D-02 2.14D 03
19412410, 2 -3541 1.56D-03 2.18D0 02
20412 95 ~1 -43.8 6.,530-03 9,140 02
20,12410s 1 -37.6 5.56D-03 7.79D 02
SATELLITE 60 09E
S = 12 REV./DAY PERIGEE HEIGHT = 1536+ KM,
A = 1.2524 E«Roe E = 0.,0093 I = 47420 DEGe.
Le My P, @ BEAT PERIOD CENTRAL ANGLE TRANSVERSE
(DAYS) (DEGREES) (METERS)
13,12, 64 © 31.3 B.16D-03 1.14D 03
16,12, 64 -1 24.9 6.77D-06 9.43D 01
16512, 7+ 1 42 .2 9.90D~04 1.380 02
15+12, 7o O 31.3 2.62D-02 3.650 03
16412+ 74 =1 24.9 9.10D-04 1.27D 02
16412, 85 1 42.2 2.35D-03 3.280 02
17+124 8s O 31.3 1.85D~02 2.580 03
18412+ 9, 1 42,2 2.320-03 3.23D 02
19,124+ 9+ O 31.3 Se356D~03 T.470 02
205124104 1 4242 Bs20D-04 1.14D 02

25

DELTA A
(METERS)

4.690-01
2.200-01
8.04D~-01
1.090 01
3.450-01
4.230 00
44140 00
1.290 01
1.21D0 00
7.730-02
8.070-01
3.14D 00
1.260-01
5.030-01
2.670 00
5454001
1.760 00
1.32D 00
3.06D-01
2.84D 00
d.33D0-01
t.120 00
1.11D 00

DELTA A
(METERS)

204D 00
2415D~01
6.57D 00
2+90D~-01
4:36D-01
467D 00
4 +30D~-01
135D 00
1.,53D-01



SATELLITE 65 04A

S = 12 REV./DAY PCRIGEE HEIGHT = TO08s KM,
A = 1.,2577 E.R. E = 0.1167 I = 96.40 DEGa
Ls My Py, Q BEAT PERIQD . CENTRAL ANGLE TRANSVERSE DELTA A
’ (DAYS) (DEGREES) (METERS) (METERS)
125125 S ~1 17.0 1.270-03 1.78D 02 6 .05D=-01
12,12, 65 1 14.1 1.84D~03 2.58D0 02 1,060 00
13,12, 5. -2 18.9 2.790-03 3.90D 02 1.19D 00
134125 65 . O 154 1.45D0-02 2.03D 03 T.66D 00
13912, 7y 2 13.0 S.44D-0% 7.61D 01 3.43D0~01
18,512, Sy =2 21,3 Se 940~04 84310 01 2.24D~-01
14,12, 6, -1 17.0 3..50D~-073 4.890 02 1.67D0 00
14512, 7. 1 18.1 44050-03 S5.66D 02 2.350 00
14,12, 8, 3 12.1 4 +09D~04& 5,730 01 2.810-01
15512, 7+ O 15.4 1.34D-02 1.88D 03 7+13D 00
15412, 8y 2 13.0 1.07D~03 1.50D 02 €.80D-01
16912, 74 =1 17 .0 548D -03 7.62D 02 2,620 00
16212, 8y 1 14.1 1.55D0-03 2.17D 02 ©.0RD=01
16,12, 9, 3 1241 4 ,09D-04 S.73D 01 2.84D-01
175124 79 =2 18.9 1,300-03 1.820 02 5.61D~-01
17+12, 84 0 15.4 S5.48D-03 7.670 02 2.93D 00
174125 9y 2 13.0 9,.03D~04 1.26D 02 5.80D-01
18,12, 8y -1 170 4.22D-03 5.91D 02 2.05D 00
184124510, . 1201 3.58D0-04 5.01D 01 2.51D-01
19+12, 8, -2 18.9 1.630-03 2,290 02 7.090-01
19,12+ 9, O 15.4 2.37D-03 3.31D0 02 1.28D0 00
19+,12+10C» 2 13.0 8.8530~04 1.24D0 02 S, 74D~01%
20412, 84 -3 213 4,020-04 S.630 01 1.,54D~01
200125 9y =1 17.0 2.620-03 2,670 02 1.280 00
20,12.10, 1 14.1 TL360-04 1.03D ¢2 4439D-01

SATELLITE 60 098

S = 12 REVe./DAY PERIGEE HEIGHT = 1503« KM,

A = 1.2498 E,Ra E = 0.0113 I = 47.20 DEG.
Ls My Py O BEAT PERIOD CENTRAL ANGLE TRANSVERSE DELTA A
{DAYS) {DEGREES) (METERS) (METERS)
13,125 69+ 4] 145 1.750-03 243D 02 9 e70D~01
1Sel2s 7 o] 14 .5 S5+610-03 780D 02 3.14D 00
16212+ B» 1 164 4 435D0-C4 605D 01 20130-01
1712+ 8 O 14.5 36970-03 S5«52D 02 24240 00
18412, 9 1 16.4 4,280~-04 S+96D 01 2412D-01
19412, 99 O 14,5 1.150-03 160D 02 6+530~-01

26



SATELL ITE 65 98A

S = 12 REV./DAY PER IGEE HEIGHT = 506, KMo
A = 1.2720 EoRe E = 01515 I = 79.80 DEG.
Ly My Py Q BEAT PERIOD CENTRAL ANGLE TRANSVER SE
(DAYS) {DEGREES) (METERS)
lZil?' G 1 -547 4,22D~-04 $.980 01
13417+ 6- 0 ~545 1.650-03 234D 02
13:12, 74 2 -5 9 1. 09D~-03 155D 02
144124 65 —1 -5 ol 1.150-03 163D 02
15012+ 7» 0 —-5e5 2+330-03 330D 02
15,12, 8 2 -509 8,02D~04 1,140 02
16512y 7» ~1 -5.4 9,110-04 1.29D0 02
16+12+ 8 1 -Se7 6+490-04 29,180 01
17+41i2¢ 8s 0 —5.5 1.46D0~-03 207D 02
18512, 8, -1 -5 04 5.78D-04 8.19D. 01
18412, 95 1 -5e7 9.18D-04 130D 02
19412 9 [¢] 55 1.060-03 150D 02
20+12+10, 1 5.7 Be690-C4 1.23D 02
SATELLITE 65 89A
S = 12 REV,/DAY PER IGEE HEIGHT = 1119+ KM,
A = 1.2658 E R, E = 0.0714 I = 5930 DEG.
L. My, P, @ BEAT PERIOD CENTRAL ANGLE TRANSVERSE
{DAYS) (DEGREES) {METERS)
13,12, 65, © ~-7.3 1.930-03 2.72D0 02
144129 65 —1 ~7e4 7.85D=C64 1.11D0 02
14012+ T 1 -742 8.520-06 1.200 02
15412¢ 7 [¢] -7 «3 2+ 35D~G3 325D 02
164125 8y 1 -7 a2 6.530~04 S.20D 01
17+12+ 8 0 ~-Te3 4 +86D-04 €. 85D 01}
19+:12, 95 © ~7+3 5.250-04 7390 01
SATELL ITE 65 63A
S = 12 REV,./DAY PER IGEE HE IGHY = 1127, KMe
A = 162791 EeRo £ = 0.,0800 I = 6920 DEG.
Le My P, Q@ BEAT PERIOD CENTRAL ANGLE TRANSVERSE
(DAY S) (DEGRTES) {METERS)
13,12, 6, o} -3.3 5. 78004 B.23D 01

21

DELTA A
(METERS)

5.24D-01
2.C90 00
1.31D 00
1.480 00
2.89D 00
9.45D-01
1.150 00
7077D~01
1.780 00
7 0150~-01
1.08D 00
1.27D0 00
1.010 €0

DELTA A
(METERS)

1.88D0 00
7+51D-C1
8a235D-01
2.22D0 00
6,310~01
4 .,61D-01
44910-01

DELTA A
{(METERS)

1.13D 00



SATELLITE s9 018

S = 11 REV./DAY PERIGEE HEIGHT = 554, KM,
A = 1+3291 EeRe £ = Ca.1823 i = 3290 DEG.
Ls My P, Q BEAT PERIOD CENTRAL ANGLE TRANSVERSE DELTA A
(DAYS) {DEGREES) {METERS) (METERS)
11+114 4, -2 3249 Ge71D~04 144D 02 24670~01
11411+ S5 1¢] 36261 Qe 6S0~02 1.43D0 04 237D 00
12411, 55 -1 604 S5+31D~03 7.86D 02 7 +90D0-01
1211, 6, 1 -90.5 2+25D-03 3.32D0 02 2.18D0-01
135114 SS9 -2 32.9 1.03D0-03 1.53D0 02 286D-01
13114 6 0 362.1 1¢16D-01 172D 04 2.85D 00
l4e+11ls S5 -3 2206 T7¢10D~04 1.05D0 02 2+90D~01
14,114 64 -1 60.4 1¢630-02 2,410 03 24430 00
14911 7> 1 =905 9.700~-03 1,430 03 9+41D-01
15511y 65 ~2 329 1.29D0-03 1.91D 02 3«57D0~01
1S+110 7> 0o 362.1 1.770~01 261D 04 4,34D 00
164114 65 -3 2246 2« 050-03 3.040 02 8.420-01
165114 74 ~1 60 «4 5.92D-02 876D 03 B8.84D 00
16411+ B, 1 ~90e5 5.020-02 742D 03 4 .860 00
172119 76 -2 32.9 1.310-02 1.94D 03 3.640 00
17:11, 8, 0 36201 2.390 00 3.54D 05 S.88D 01
17411+ 9o 2 ~4062 4.426D-03 6+30D 02 S.14D-01
18411, 74 -3 2246 1.?770~-03 2+63D 02 7+320-01
184114 8, -1 650 «4 Be.07D-02 1.190 04 1.210 01
18511, 9 1 =905 1.01D~01 1.49D 04 9.73D0 00
18+11410, 3 -25.9 S 66D-04 8,370 01 1.86D0-01
1911, 8, -2 32.9 1e¢160~02 1.710 03 3.23D0 00
19+11, 9 [¢] 362.1 3.28D 00 4.85D 0S 8.05D0 01
18511410, 2 -40 42 9.220-03 1.36D 03 1.97D 00
200114 Gy -1 60 .4 7+410-02 1.10D0 04 1.110 01
20411410 1 ~90¢5 1.480-01 218D 04 1.430 01
20.,11,11 3 -—25.9 1.350-03 1.990 02 4.400-01

SATELLITE 65 638

S = 12 REV./DAY PERIGEE HEIGHT = 1128, KM,

A = 12792 EeRe E = 00,0800 I = 69420 DEGe

Ls My Py Q BEAT PERIOGD CENTRAL ANGLE TRANSVERSE DELTA A
(DAYS) {DEGREES) {METERS) (METERS)

130125 6+ O =33 S54720-06 815D 01} 1,130 00

28



SATELLITE $9 07A

S = 11 REVe/DAY PERIGEE HEIGHTY = Sl4¢ KM,
A = $.3300 E.Re E = 0.1875 I = 33.30 DEG.
Ls My Py Q BEAT PERIOD CENTRAL ANGLE TRANSVERSE DELTA A
({DAYS) (DEGREE'S) {METERS) (METERS)
11411y 4, -2 5247 2.93D-03 44340 02 S$.01D~-01
1is31s S5, O -120.90 1.23D0-02 1.83D 03 908D0~-01
12+11, 4, -3 306 5.59D~04 84270 01 1.66D~01 "
12+119 S ~1 187.9 6+00D0-02 B.88D 03 285D 00
12,11, 6, 1 ~4S5.5 6+78D0—~04 1.00D0 02 1.30D0-01
13,11,y S5, -2 S52.7 310D~03 4.590 02 54310~01
13+s11s 6 O -120+0 1.49D0-02 24200 03 105D 00
14511, 5, -3 306 1.530~-03 226D 02 4 +56D~-01
14511, 64 -1 187.9 1.83D-01 2.71D Q4 8710 00
145114 7» 1 =45.5 24930-03 4,340 02 S54610-01
15511, 64 -2 527 3.830~03 S.670 02 6657001
1,11, 7+ O =~120.0 2.26D0-02 34350 03 1.66D 00
16,11 &, -3 30.6 4.310-03 6.39D 02 1.29D 00
16315 7, ~1 187.9 6.620~01 980D 04 3.15D0 01
16+11, 8, 1 =45.5 1.510-02 2024D 03 2.89D 00
17.,11, 6, -4 21 .96 341D-04 505D 01 1.48D~-01
17115 79 -2 527 3.82D0-02 5.650- 03 6.570 00
1711, 8+ O ~120.0 3.05D0-01 4.52D 04 2.24D 01
174119 9» 2 2841 20.55D~-03 377D 02 7.77D-01
18411, 75 -3 30.6 3+530-03 5230 02 1.060 00
18+115 8, -1 187.9 8.90D-01 1320 0S 4.230 01
18011, 9 1 -45e¢5 3.010~02 4.460 03 Se74D 00
18s11410 3 =20 .3 4.430-04 6.56D0 01 1.84D-01
19511, 8, ~2 5247 3.24D-02 4.790 03 S5.530 00
19511, 9, O =120.0 40.130~01 6.12D0 04 3.03D0 01
19511010+ 2 -28.1 $5.480~03 8.12D 02 1.66D 00
20119 99 ~1 187.9 7.920-01 1.170 05 3.77D 01
20511,10, 1 —45.5 4 «37D0-02 6.480 03 831D 00
20,1141 3 ~2043 1.050-03 1.85D0 02 4.310-01

29



SATELL ITE 63 2%B

S 11 REV./DAY

i

A

143396 EsRe E = 042135

Ls My Py Q BEAT PERICO

(DAY S)
‘lvllo 4y -2 "1501
11'111‘5' 0 =177
1141149 6o 2 =21.95
114119 7 4 -27e2
124114 44 -3 ~14,0
121119 S» =1 ‘1603
12114 6 1 -19.4
124139 74 3 ~24.0
12¢11, 8 S ~31.5
13+11+ 54 =2 -15-1
13+11, 6 ¢ =177
13+11, 7» 2 ~21e%
13,114 B, 4 ~27e2
14,11, S« -3 -14 .0
142119 6o =1 ~163
14’110 T 1 -19+4
1¢0119 B 3 “244+0
144119 9o ) =315
159114 69 -2 -15.1
15s11, 7 0 =17 o7
15211+ 8 2 ~21 45
1Ss119 9 4 ~27e2
16s11s &4 =3 ~14.0
164114 8y 1 ~19.4
16511+ G 3 -24 .0
164114510 S =315
179115 Te =2 -15,1
174114 B8, o =177
17411y S 2 =215
17411510 4 =272
17511411 & =373
184116 75 =3 —14 .0
182114 8, =1 ~16+3
184119 9 i ~19.4
18,11510% 3 ~24.0
I%Gellells 5 -3145
1911, 8 —2 ~15.1
1992119 9 0 -17 .7
19'11910' 2 ‘21-5
19211511, & ~27.2
1G+11512 6 ~3T7e3
20+11+ 8s ~3 ~14.0
2()'11' G -1 -16 03
20911210, 1 ~19.4
20+11,11 3 -24 40

PER IGEE HE IGHT

4

342.

i

#

CENTRAL ANGLE

{DEGREES)

9.31D-03
7+370-02
3446D-02
215D-03
703D-04
2+04D-03
174002
6. 980-03
3.84D0-04
9.11D-04
6+ 34D-03
Se92D-C4
8.550-04
6412004
8.06D~04
1.230~-02
2.10D-03
3.82D-04
3+4710-04
1.88D0~03
1.320-03
3.65D~04
1.09D0-03
167002
1.400-03
1.06D~-03
2.410—03
7 «350-023
1.080-02
T7+440-04
3+45D0-04
1.080~-03
1.300-03
1.17D-02
4o 37D-C3
Te01O=~04
20350~-03
3.30D0-03
9+569D-03
1.07D0-03
3+56D-04
1¢06D-~03
2¢20D-03
724D-03
S «44D-C3

30

82,10 DEG.

TRANSVERSE
(METERS)

1390 03
1.100 04
S5+.16D 03
34200 02
1.,05D 02
3.04D 02
259D 03
1.040 03
G720 01
1.36D0 02
G450 02
883D 01
1.270 02
Se12D0 01
1.20D0 02
1.840D 03
314D 02
S.70D0 01
S53D 01
280D 02
1960 02
Se44D 01
1.62D 02
2+49D 03
208D 02
1.58D 02
3590 02
1.10D 03
161D 03
1.11D 02
S5214D 01
1.61D 02
1.94D 02
1.74D 03
652D 02
1.05D0 02
3500 02
44920 02
1.45D 03
1.59D 02
S.31D0 Q1
1.580 02
24280 02
1.082 03
8.12D 02

DELTA A
(METERS)

533D €O
34520 01
1.41D 01
6 +950-01
4.290-01
1.08D0 00
778D 00
255D 00
1.080-01
5.18D=-01
3.09D 00
2440D-01
2-750‘01
2.71D=-01
4 ,24D-01
S #4490 00
7+640-01
1.07D~-01
2009001
9.10D~01
$+30D0-01
1.170-01
6+452D=01
738D 00
S5.040~01
2094001
1350 00
3.54D 00
4,330 00
2+37D0-01
B8e13D-02
€ 243001
& 76D~-01
413D 00
1.570 CO
ie D~CY
130D 00
1.38D 00
3.87D 00
2.390-01
£436D-02
€.25D~01
1.13D 00
3.17D 00
1.95D Q0



SATELLITE 66 528

S = 10 REV./DAY PER IGEE HEIGHT = 6844 KM,
A = 1.,4207 E.R. E = 00,2251 I = A0.80 DEGe
Ly My Py O BEAT PERIOD CENTRAL ANGLE TRANSVER SE DELTA A
(DAYS) (DEGREES) (METERS) {METERS)
10410+ 3, -3 7004 20320~01 3.670 04 3+47D 00
10410y 4, -1 ~-6542 8.93D-03 1.410 03 1.420 00
10+10s S 1 —31e2 Se40D-04 8.54D 01 1.77D-01
114100 3+ =4 102.0 170D-03 269D 02 1e76D0~-01
11410, 4, -2 -143 9 4.930-02 7790 03 3.570 00
114109 5s © ~42e2 S «860~03 9.270 02 1.43D0 00
12,10+ 4, -3 T00.4 2.01D0-01 3.18D0 04 3.01D 00
12+10s S5, -1 -65e2 9 420-03 1.49D 03 1,450 00
12410, 6, 1 -31.2 8¢83D—04 140D 02 2.890-01
13,10+ 4, -4 10240 2¢40D0-03 3790 02 2¢490-01
13+10s Ss =2 ~143.9 1.30D0-01 ‘206D 04 9.40D0 00
134104 6+ © =422 2416D-02 342D 03 S5+25D 00
13,10, 7» 2 ~-2407 1.11D0-03 1.75D 02 4.52D-01
14410+ S5+ -3 7004 6431001 9.980 04 9.45D 00
14,10+ 64 -1 ~6S5e2 S. 69D -02 9.00D 03 9.000 00
14,10 7o 1 =31 .2 8.86D~-03 1.40D 03 2.89D 00
15410+ S5y -4 10240 1.130-03 1.790 02 1.180-01
152105 64 =2 ~143.9 4 .49D~02 711D 03 3.250 00
1564109 74 © ~42 02 148002 24340 03 3.58D0 00
15410, 8y 2 -24.7 1.410-03 20230 02 S50720-01
16+s10v 6¢ -3 700 «4 S« 830-01 G220 04 8.74D 00
1610+ 74 -1 -65 o2 6472002 1.06D 04 1.06D 01
16+105» 8B 1 -31.2 2e18D-C2 3445D 03 7.08D0 00
16,10, 9, 3 ~2045 1¢30D~03 205D 02 €.280-01
17410y 6+ —-4 102.0 60 53D-03 1.03D0 03- 6.79D-01
17410+ Ty -2 -143.9 3.82D-02 6040 03 276D 00
17510+ B 0 ~-42.2 3.68D~02 S.81D 03 8.88D 00
17410+ 9 2 24 .7 7 «520-03 1190 03 3.04D0 00
18+10s 7y =3 700.4 1.18D 00 1.87D0 05 1.780 01
18410+ Bs =1 ~6502 24790~03 40420 02 4.,40D0-01
18,104+ 9 1 =31.2 1.74D-02 276D 03 S+63D 00
18+410,10, 3 «~2065 219D-03 347D 02 1.06D 00
194104 74 =4 102.0 2052D0-03 3.990 02 2¢62D~01
19+10s 8y -2 ~1439 120D0=01 1.9CD 04 8.68D0 00
13,10+ 9 0 —42e2 & 4220~03 667D 02 1.02D 00
1941041C, 2 -244.7 6.910-03 1,090 03 2+73D 00
19910411 4 =175 5.580-04 84830 01 3.11D0-01
20+104 74 =S S50 4¢630—-04 74320 01 G« 04D-02
20410+ By =3 700 o4 2001D-02 3.18D 03 2.010-01
20+10s 9» -1 =652 3.820-02 6+.04D 03 6.00D0 00
20910+10, 1 ~31e2 4 +45D-03 704D 02 1,430 00
20+10911 3 ~20e5 2433D0-03 3.69D 02 1.12D0 00
20420+ 6+ ~6 350.2 7+40D=-04 1.17D 02 2022D=02

31



SATELL ITE 656 S2A

S = 10 REV./DAY PERIGEE HEIGHT = 646, KM,

A = 1.4211 EeRe E = 0.2253 1 = 40.80 DEG.
Ly My Py @ BEAT PERIOD CENTRAL ANGLE TRANSVER SE DELTA A
(DAYS) ( DEGREES ) (METERS) (METERS)
10410, 3.+ -3 -358.1 6.080-02 9.620 03 1.78D 00
105105 4, -1 -51.2 5.51D-03 8.71D 02 1.11D 00
10,10+ S, 1 -27.6 4423004 64+69D 01 1.570-01
11,105, 3. -4 179.3 5.270~03 8.34D 02 3.100-01
11510, 4y =2 -89.6 1.910-02 3.030 03 2.220 00
11+10¢ 5, 0 -35.8 4.230-03 6.70D 02 1.21D 00
12,105 4, =3 -358.1 5.270-02 833D 03 1.54D 00
12,10, 5, -1 -51.2 5.810-03 9.190 02 1.170 00
12,10, 6+ 1 -27.6 6.92D-04 1.100 02 2.55D-01
13,10, 4, -4 179.3 7445D0-03 1.180 03 4.38D-01
13,10, 5, -2 -89.6 54050~02 7.990 03 5.85D 00
13,10, 6, O -35.8 1.56D-02 2.470 03 4,460 00
13,10, 7, 2 -22.4 9.120-04 1.44D 02 4.10D-01
14,10, S, =3 -358.1 1.66D-01 2.620 04 4.830 00
14:10s 65 =1 -51.2 3.510-02 5.56D 03 7.06D 00
144105 7, 1 -27.6 6+95D-03 1.10D 03 2.55D 00
15510+ 5, -2 179.3 3.51D0-03 5.56D0 02 2.07D~-01
15,10, 64 =2 -89.6 1.750~02 2.76D 03 2,020 00
15510, 7, O© -35.8 1.07D-02 1,690 03 3.04D 00
15,10, 8y 2 -22.4 1.16D-03 1.84D 02 £.19D-01
16,10, S5, =5 71.7 5.090-04 8.05C 01 7.56D-02
165105 65 ~3 -358.1 1.530-01 2.420 04 4.47D 00
16:10, 75 ~1 -51.2 4.150-02 6.56D 03 8.31D 00
16,10, 8, 1 -27.6 1.710-02 2.710 03 6.250 00
16,10, 95 3 ~1849 1.100-03 1.75D 02 5.790-01
17,10, 6+ -4 179 .3 2.030-02 3.21D0 03 1.190 00
17410, 7, =2 -89+6 1.49D0-02 2,350 03 1.72D 00
17+10, 84y O -35,8 2.660-02 4.21D 03 7.53D0 00
17,10, 9, 2 -22.4 6.20D-03 9.810 02 2.75D0 00
18410+ 64 =5 71.7 5.210-04 8.250 01 7476D=02
18+10s 7+ =3 -358.1 3.110-01 4.92D 04 C+Q7D 00
18510, By ~1 -5142 1.73p-03 2.730 02 3.450~01
18410, 9, 1 -27.6 1.370-02 2,160 03 4.970 00
18410510+ 3 -18.9 1.870-03 2.96D 02 9+74D-01
19,10, 74 -4 179.3 7.84D-03 1.24D 03 4.620~01
19,105 84 =2 -89.6 4,68D-02 74400 03 5.400 00
19510, 9, © -35.8 3.060-03 4.830 02 8.620-01
19410510, " 2 -22.4 5.70D-03 9.010 02 2.52D0 00
19510411, & ~16.3 4.87D-04 7.71D0 01 2.900-01
20410, 7, -5 71.7 7.91D-04 1.25D0 02 1.180-01
20,10, 8, -3 -358.1 5.270-03 8+34D 02 154D-01
204105 95 -1 ~51.2 2.36D-02 3.730 03 4.71D 00
20410410, 1 ~27.6 3.500-03 5.530 02 1.270 00
20410511, 3 -18.9 1.990-03 3.150 02 1.03D 00
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SATELLITE 66 00C

S

A =

10,
10+
10,
11,
12,
13,
14,
14,
15,
16
16,
17s
17,
18,
19,
19,
2Cs

9 REV /DAY

145408 E.R,

Mo

9

Py

3
4.,
Se
49
S
X}
S
6
6
G
T
T
T
By
B,
Qe
P
G

991Co
9910,
18518,
18418,

B
Qs

Q

[

NOMNDOMNGDMMOMMOMOUWMNON

PER IGEE HE IGHT

E = 0.2831

BEAT PERIOD
{DAYS)

~T7.8
-803
—8e7
~8 0
=B +5
-9+0
-Be3
~865
-8B «3
-840
-Be¢S
~8+3
~8.0
-85
-8 3
~8e47
-85
-8+3
847
~845
~4 41
-4 42

= 667« KM,
I = 86.60 DEG.

CENTRAL ANGLE TRANSVER SE
(DEGREES) (METERS)
6099004 1.20D 02
Se 73D0-03 9.82D 02
2.57D-03 44410 02
8.15D-04 1.40D0 02
1.270-03 ‘20170 02
6 +46D-04 1110 02
9.77D-04 1.68D 02
3.80D0-04 6.52D0 01
1.04D-03 1.78D 02
6e24D-C4 1.07D0 02
1.240-03 2.12D 02
5.60D-04 9.60D 01
3.81D-04 6+54D 01
B8e420-04 1.44D 02
6+.68D-04 1.15D 02
4 .39D-04 7.520 01
6.34D-04% 1.09D 02
4 .52D~04 T.76D 01
3,98D-04 6.83D0 01
44.64D-04 7.95D 01
S5e21D~-04 84930 01
4.68D-04 8.020 01

33

DELTA A
(METERS)

1.050 00
B«17D 00
3.470 00
1.18D0 00
174D 00
Be42D-01
1.37D0 00
S5e¢15D-01
143D 00
8.75D~01
1.650 00
7+4600-01
Se26D~-01
1.11D 00
84+ 93D-01
S5 «58D-01
8,21D-01
5495D~01
40 S9D~-01
Ze91D-01
1.38D0 00
1.21D0 0¢C



SATELLITE 62 29A

S

#

A =

Lo

G
S
10,
10,
} § S
11
11
12,
12
13
13
13,
14,
14,
14,
15,
15,
16,
1€
16
174
17.
17
17y
18,
18,
18
15
19’
20,

9 REV, /DAY

1.5164 E.R.

Mo

O
S
9
9D
9
S
9
D
9
Qe
G
S
Ge
X}
LY
=
9
e
G
G
9y
G
9

Po

3
2
4
S
4.y
S
(-1
S
6
S
6,
7y
)
7
8
T
8
T
Bs
Qs
T
8
D

Fe10,

D
9,

B8
D

Qel0s

Sy

G

Gslly
9410,

Q

-2

-1

-2

-1

-2

1 |
RO U S ENONUW N OW=NDO

PERIGEE HEIGHT

E = 002434

BEAT PERIOD
(DAYS)

13.9
1645
18¢1
13.9
165
20.1
15.1
1801
13.9
16.5
20 01
15.1
18.1
2246
165
20,1
1541
18.1
2206
13.9
165
2041
25 09
15.1
1841
2246
16.5
25.9
18.1

= 940. KMo

1 = 44.80 DEG.
CENTRAL ANGLE TRANSVERSE
(DEGREES) (METERS)
6.530-04 1,100 02
1.66D-03 2.80D 02
1.990-03 3.35D 02
1.290~03 2.180 02
5.00D~04 8.43D 01
1.81D-03 3.05D 02
4.01D-04 6.78D 01
9.06D-04 1.53D o2
1.090-03 1.84D 02
3.250-04 5.48D 01
3.,400-03 5.730 02
1.630-03 2.750 02
1.330-03 2.25D0 02
4.930-03 8.32D 02
1.200-03 2.020 02
1.080-03 1.820 02
1.600-03 2.700 02
8.69D-04 1.47D 02
2.020-03 3.41D 02
1.44D-03 2.43D 02
3.29D-04 5.560 01
9432D~04 1.57D 02
1.59D-03 2.68D 02
6.320-04 1.07D 02
7.430-04 1.25D 02
6.14D-04 1.04D 02
G.92D-06 1.670 02
1. 290~C3 1.850 02
S5.24D-04 8.85D 01
1.120-03 1.90D 02

34

DELTA A
(METERS)

6410D0-01
1.30D 00
1.720 00
9.220-01
4.72D-01
1.43D0 00
2.57D-01
7:900-01
7+810=-01
3.100~-01
271D 00
1.05D0 00
1.18> 00
34570 00
6.87D0~01
B+ €690~01
1. 04D 00
7074D~-01
1.48D0 00
80310~01
3.22D-01
7.58D0-01
1+04D 00
3.17D-01
6.,63D-01
453D-01
5.75D-01
c.02D=-01
24 65D-01
Be360-01



SATELLITE 66 008

S = 9 REV../DAY PERIGEE HEIGHT = 7246+ KM,
A = 15430 EsR. E = 0.2783 I = B84.60 DEG.,
Ly My Py Q BEAT PERIOD CENTRAL ANGLE TRANSVERSE
{DAYS) {(DEGREES) (METERS)
Gs 99 34 ~2 -6 .8 4 .95D~04 8.51D 01
Ge 99 4 0 =71 4.,070-03 7.00D 02
9s 99 S 2 -7+5 1.76D-03 3.030 02
10+ 9 4, -1 =70 S5, 77D0~-04 9.90D 01
10, 9, 5o 1 ~-7T+3 8.820-04 1.520 02
10+ 95 6 3 ~T o7 4.310-04 T7+40D 01
11s Ss S o) ~7e1 6.85D0~-04 1,180 02
13+ 9+ 60 © -7l 7.19D-04 1.230 02
142 99 6+ -1 —T7+0 4 .30D0~04 739D 01
14, 95 7> 1 ~7e3 8.400-04 1.440 02
15+ 99 T» o] ~-7e1 3.820~-04 655D 01
16+ 9+ 8, 1 -7 3 564D -04 9.68D 01
17, 9, 8, o] -7Tel 4.49D-04 771D 01
184 94 9, 1 ~7¢3 4419004 7.19D 01
19, 9¢ 9 o] —Tel 2.990-04 5140 01
204+ 95,10, 1 ~7e3 3.02D-04 S18D 01
18,18, B, (e] =36 3.48D~04 54970 01
18518 9, 2 ~3.7 3.07D~04 5.27D 01
SATELLITE 61 18A
S = 9 REV./DAY PERIGEE HEIGHT = 3346+ KM,
A = 165401 E«R. E = 0.0101 I = 91,10 DEGe
Ls Mo Py Q BEAT PERIDD CENTRAL ANGLE TRANSVER SE
(DAYS) (DEGREES) (METERS)
9r 94 4. C -33 1.510-03 2.58C 02
SATELLITE 66 00A
S = 9 REV,/DAY PER IGEE HEIGHT = 214, KM,
A = 1.4998 ERoe E = 043109 1 = 35.10 DEG,
Ls My, P, Q BEAT PERIOD CENTRAL ANGLE TRANSVERSE
(DAYS) (DEGREES) (METERS)
13, 94 6 ] S50 4 052D-04 7550 01
18 99 6+ ~1 &o7 8.01D~-04 1.34D 02
144 99 T» 1 5.2 64150-04 1.03D0 02
1S5+ Gs 7» 0 5.0 S+ 16D~-04 84610 01
169 9 75 —1 4.7 Se62D0-04 939D 01
169 9+ 8, 1 5e2 8.,150-04 1360 02
17+ 99 By [+] 540 f404D~-04 134D 02
17¢ 94 9>» 2 5.5 5.580-04 €.31D O1.
18s 9¢ 9 1 Sel 8.25D-04 1.380 02
18+ 94104 3 S8 3.070-04% 5130 01
18y 94 I o] 500 3.38D~-04 S5.640 01
19+ 9510, 2 565 6447004 1.08D 02
209 9410, 1 Se2 4.830-04 B.0€D 01
209 9911y 3 5.8 4,10D~04 64840 01

35

DELTA A
(METERS)

Be44D-01
6.65D 00
2.750 00
9.530-01
1.400 00
6.51D-01
1.100 00
112D 00
6&+84D~01
1.28D 00
S.89D~01
8.450-01
6.810~-01
&1 7001
4.47D-01
4,37D0-01
1.05D 00
Se05D-01

DELTA A
(METERS)

1.93D 00

DELYTA A
(METERS)

1.37D 00
2.%3D 090
1.79D 00
1.630 00
1.920 00
22450 090
2.540D 00
1.5600D G0
2.58D0 00
Be34D-01
1.150 €0
1.920 00
1.57D 00
1.15D 00



SATELLLIYE 66 S56A

€

8 REV,./DAY PERIGEE HEIGHT = =~ 2114. KMe

A = 11,6542 ERe. E = 0.1951 I = Q‘QQOVDEG.
Ls My Py Q BEAT PERICD CENTRAL ANGLE TRANSVERSE
(DAYS) (DEGREES) (METERS)
8e 89 20 ~3 -42 49 3.910-04 T+200 01
8+ 8y 3» ~1 ~54.8 5.12D-02 $.43D 03
8s Bs 4, 1 ~74.:3 1.800-01 3.31D 04
8s By Sy 3 =-117.3 2¢290-02 4,220 03
8s B 69 5 -278.7 . 640004 1180 02
Se Bs 3 =2 ~87 9 4+.610-03 8,490 02
Sy 8Bs 4, [+] ~6248 8456D-03 1.58D0 03
9s By 59 2 -9160 4,07D~-02 749D 03
Fe B8y 6 4 -165.2 6¢080-03 1120 03
9e 8s 7s & -89 .9 Te510~-04 1.38D 02
10+ 8o 4, -1 ~54 .4 S.48D-03 1,01D 03
10+ B+ S» 1 ~T74.3 1.8%9D-02 34480 03
10¢ 8o & 3 «117 3 2+820-03 S«19D 02
100 8Bs 7+ S -278.7 1.040-03 Te91lD 02
119 8y 49 =2 ~47¢9 B8.900-04 1.64D 02
11s Bs S, 0 -62¢8 6.010-04 1.11D 02
11e By 6 .2 -91.0 7+180-03 1.320 03
11, 85 8y 6 -891 +9 Te44D-04 137D 02
12, 8s 54 =1 -54 .2 4,03D0~-04 7+.410 01
12+ 84+ 6 1 —-7463 1.14D~-03 2.10D 02
12y 89 7o 3 ~117-3 6:01D=04 1.110 02
136 84 7 2 -91e0 1.78D-03 3280 02
13, 8, 8, 4 -165.2 3.02D-04 $.55D 01
13, 8, 9 & ~891 «9 3.18D-04 5.850 01
14, 8y 64 ~1 -S54 .4 8616D-04 1.50D 02
14+ 8e 7. 1 -T443 1.58D~03 2900 02
14, 8+ 8, 3 ~117.3 1.70D0-03 3.130 02
15+ Bs 64+ =2 ~&T7e9 4,430~-04 84160 01
15s Be 7s 0 ~562.8 4,28D0-04 7.88D 01
185, 8+ By 2 -91.0 24410-03 4,430 02
15+ 8, 9« 4 -165.2 1.010-03 1.850 02
165 8+ 7o -1 -S54 .4 7 790~-04 1.440 02
16+ 84 8, 1 =743 8407D-04 1.49D 02
16+ 8+ 9 3 -1173 1.710-03 3.16D0 02
16+ B8+910s 5 -278.7 S5+030-04 9.260 01
17, Be 7s -2 ~&47T «9 2096D-04 S+460 01
17, 8, 8, o ~628 4 .55D~04 Be37D 01
17¢ 8¢ 99 2 -91.0 1.14D-03 2110 02
17+ 8410, & -165.2 8. 77D~04 162D 02
17+ Boells & -861.9 Se 85D ~04 1.080 02
18¢ 8+ 8y -1 ~54 44 4.,40D-04 8,090 01
18+ 84510, 3 =-117.3 8 +.650-04 1,890 02
18+ 84211, S ~278.7 5 +08D~04 G+29D 01
19+ 8, 9, L¢] —-652 8 3.34D-04 6.15D0 01
199 8410 2 -91.0 3.99D-04 7340 01
19+ 8511 4 ~3165.2 Se39D-04 S.93D 01
19, 8+12, 6 ~B91.9 8.59D-04 1.580 02
20+ 8411, 3 «117.3 3.84D-04 7,070 01
20 Be1l2s s ~2787 3.78D~-04 6970 01
1616+ 7> [+] ~31 +4 1.910~-03 3.51D 02
16,164 85 2 =372 1730-03 3,190 02
16+ 1565 9 4 -85.5 3.190~04 5.87D 01
172169 7+ -1 -29.1 3+540-04 64520 01

36

DELTA A
(METERS)

1.370-01
1,420 01
3.67D0 01
2.97D 00
3.510-02
1.45D 00
2.06D 00
679D 00
5.62D0-01
1.29D-02
1.52D0 00
3.85D 00
3.65D~01
5.68D~02
2+79D-01
1.44D-01
1.20D0 00
1.28D0~02
1.110-01
2.320-01
Te77D~02
20960~01
2¢78D-02
S5+46D-03
2425D-01
3.20D0-01
2+.19D-01
1.38D-01
1.02D-01
4 .00D-01
Ge27D-02
2.14D-01
163001
2421D-01
2,75D0-02
9.18D~02
1.080-01
1.30D-01
Bs U7TD-02
1.00D=02
l -200"01
111D-01
2.76D-02
7«94D-02
€ 590"02
4095D~02
1.47D~02
4494D-02
24070-02
S.09D~01
7¢01D-01
1.06D-01
1.81D~-01



SATELLIVE 66 56a
S = '8 REV./DAY PERIGEE HEIGHf = 2114. KM.

A = 1.6542 E.R. E = 0.1951 I = 8490 DEG.

Le My P, O BEAT PERIOD CENTRAL ANGLE TRANSVERSE

(DAYS) (DEGREES) CMETERS)
17416+ 8 1§ =34.0 2¢900-04 5.34D 01
17+165 9s 3 ~4009 5 .84D-04 1.080 02
18416, 8s © “~3l.4 6 «94D-04 1.280 02
18916+ 9 2 -37.2 4, 89D-04 9.01D0 01
1916410 3 ~80.9 3+200~04 50,880 01
20416+ 90 O ~31 e84 3e18D-04 5,860 01

SATELLITE 66 S68

S = 8 REV,/0AY PER IGEE HEIGHT = 4123+ KMo

A = 1,6631 EoR. E = 0.0100 I = 86490 DEG.

Ly My P, Q BEAT PERIOD CENTRAL ANGLE TRANSVERSE
(DAYS) (DEGREES) (METERS)

9+ 8y 4y O ~-12.8 4.150~04 7690 01

SATELLITE 62 688

S = 8 REV./DAY PER IGEE HEIGHT = 1331« KMo
A = 1.6852 E«Re E = 0.2828 I = 47.50 DEGe
Le Ms Py Q@ BEAT PERIOO CENTRAL ANGLE TRANSVERSE
(DAYS) {DEGREES) (METERS)
9s By 44 O -3.9 3.16D0-04 S+93D 01

SATELLITE 62 68A

S = 8 REV./DAY PERIGEE HEIGHT = 1367« KM,
A = 1.6865 E+Rs E = 0.2800 I = 47.50 DEG.
Ls Mo Py Q BEAT PERIOD CENTRAL ANGLE TRANSVERSE
(DAYS) {DEGREES) (METERS )
9s Bs 4+ O ~3.8 2487D-04 S.38D0 01

a7

DELTA A
(METERS)
i+280-0%
215001

3.30p-01

1498D-0%
1.170~013
1.510-01

DELTA A
(METERS )

4475D-01

DELTA A
{METERS)

1.07D 00

DELTA A
(METERS)

9.970-01



SATELLITE 68 268

S = 7 REV./DAY

A = 18228 E «R>»

Le My

Teo T
Te 7o
Te To»
Te 7
8s T»
Be “To
8s To
Ss 7
Se T»
Qe 7o
10s 7
109 7o
11s 7o
11s 7
12+. 70
12¢ 7
130 7
14, 7o
149 7o
1Se T
16+ Te
16+ 7>
17¢ 7o
17¢ T
186 7o

P

2
3s
4,
Se
3
4,
Se
3
G
Se

5
Gy -

Se
6o
S
6¢
(X
6y
T
7
Te
8.
Te
B
8¢

189 7910,

199 7

8,

20¢ 7o1ls

16914,
14514,

is.@4.,

6eliss
1734,
17:14,
18+14,

LT
T
s
7e
8,
94
B

19:14,10;,
20014410,

SATELLITE 63 13A
S = 6 REVe/DAY

A = 19228 E.Re

Le My

79 6'

P

3

Q

¥ b 1 [ ) :
RN WP ONWMOMMOSENOWSNONUWMMSENORN

w0

N WOW e

Q

4]

PERIGEE HEIGHT =

E = 0.,4032

BEAT PERIOD
(DAYS)

=10.8
'1103
-11.8
-12.4
~11.0
=11le8
-12.1
~1068
~113
~11.8
~18e5
-1201
—11e3
-11.8
=110
=115
=113
~11.0
-11.5
~11.3
-11.0
-11e&
—10.6
~11632
=110
-12.1
~10.8
-12.1
"5.6
5.8
~5e7
~5.6
=57
-S54 8
~5«6
-5 08
~5.8

PERIGEE HEIGHT

E = 024000

1

[}

CENTR
(¢

[}

I =

560« KMo
100.00 DEGe

AL ANGLE
DEGREES)

2.890-04
Se34D=-03
4,830-03
3.560-04
1.290-03
1,86D-03
2.55D-04
4435D-04
44830-04
1.190-03
2.190-03
20 66D~04
9.150-04
7e110-04
3.48D0-04
9,82D-04
3.98D-04
4.50D~04
S.77D-04
683D-04
6+530~04
4.75D-04
3.52D-04
5.29D-04
4.19D-04
2..49D-04
2.62D-04
2¢77D-04
2450004
4,63D-04
3.51D0-04
4 ,50D~04
3,27D-04
3.,36D~04
3.47D-04
2.68D-04
2.520-04

980C. KMo

42,70 DEG.

BEAT PERIOD CENTRAL ANGLE

(DAYS)

208

(

DEGREES)

2.44D-04

a8

TRANSVERSE
(METERSY

5.860D
14080
981D
Te23D
2+63D
3.770
5,170
8.82D
980D
242D
4,43D
540D
1.860D
1.440
7050
199D
8.08D
913D
117D
1390
1,32D
G «6SD
7+130
1.070
84510
50050
5320
562D
5.08D
940D
Te12D
913D
G 64D
6.820
7050
5430
511D

01
03
02
01
02
02
01
01
o1
02
g2
o1
o2
02
o1
o2
o1
01
02
02

.02

01
01
02
o1
01

TRANSVERSE
(METERS)

523D

01

DELTA A
{METERS)

4.89D~-01
84.67D 00
751D 00
5280~01
213D 0C
293D 00
J.84D=-01
7e24D0=-01
Te720-01
1.830 00
3390 00O
3.95D-01
1+44D 00
1.07D 00
S e54D-01
1.500 00
6¢170~01
7 «060~01
B,700~01
1.04D 00
1.01D 00
7+035D0-01
5.500=01
7+950-01
€.38D~01
3.49D0-01
4¢04D-01
3.830-01
770D-01
1.400 0OOQ
106D 00
1.36D 00
9+ 740-01
9. 80D~-01
1,040 00
770D-01
7.26D-01

DELTA A
{METERS)

2.82D 00



SATELLITE 63 318

S = &4 REV./DAY PER IGEE HEIGHT = 345+ KM,

A = 2.7028 EeRoe E = 06100 I = 3270 DEGe.
Le M, P, Q BEAT PERIOD CENTRAL ANGLE TRANSVERSE DELTA A
{DAYS) (DEGREES) (METERS) (METERS )
s 449 1, ~1 ~5e6 $4310-04 1.600 02 4.27D 00
4y 4y 29 1 ~545 24 64D0~04 7930 01 2.18D 00
Se 4, 2% [+] ~5.5 80 06D-04 24430 02 6+40D 00
6s 45 24 —~1 =5 06 1.740-03 £0.230 02 1.330 0%
Se 49 3, 1 =565 1.49D0-03 4.47C 02 116D 01
T 4¢ 3o o] —5¢5 8.70D0-04 262D 02 656D 00
Te A5 45 2 -5.4 2270-04 6.84D 01 176D 00
B8e 44 3, "1.. ~«5.6 2¢67D0~04 8,030 01 194D 00
Bs 49 4 1 ~5+5 7e720-04 24320 02 .74D 00
Sy 44 4 0 ~5e5 2043D-04 731D 01 1.74D 0O
Fs 45 Ss4 2 ~Seb 1.820-04 50480 01 1.340 00
10+ 44 Se 1 ~565 3.890-04 117D 02 276D 00

39



SATELLITE 66 1108

g =

A =

Ls

3
3
3
40
4.
Sy
Se
6o
S
T
T
Ts
89
G
10+
10+
10»
11,
11,
12,

20

13.

3 REV./DAY

342459 E.Re

M

P

Oo
1s
2
s
2
2
3
2
3
29
3
4.,
4,
Soe
4,
5
[-X%
S
6
T
(- X"
[ 39
Ta
8,
T
8,
8»
s
e
10,
29
3
2
3
4,
6

a

U

- NON M ONO M (™ mOW@NOWMMNNON=NOMMNON

PERIGEE HEIGHT =

168, KiMe

€ = 0.6838 I = 31,00 DEG.

BEAT PERIOD CENTRAL ANGLE
(DAYS) (DEGREES)
=109 9+50D~04
«10.4 1.310~-02
«~10+0 5.88D0~-04
~1006 6+ 00003
«10.2 6+ 00D-03
~10 .4 5054003
-10.0 9 94D~-04
«10e6 1.780~-04
-10.2 S+420-06
=109 4¢35D0~-04
-10.4 1.700-03
~10 0 9. 84004
«~10e2 34120-04
=100 2¢130~04
=106 40.530-04
~-10e2 4039D-04
-9 .8 322004
-10 «4 4.06D0-04
-10,0 4040D-04
-9.8 1 +54D-04
-i0.4 1+.44D-04
=106 1e72D-04
-10 62 3¢320-04
-2.8 1.56D0~04
~106 2.170-04
-~10.2 20 06D-04
=104 2.02D0-04
~10.0 2+100-04
-10 .4 174D~04
-10.2 1.51D-04
-53 24800-04
-5e1 2¢350-04
~5e3 1.580-04
~-S5e2 6¢560D~-04
-5e1 22 14D-04
-5e1 1.80D-04

40

YRANSVERSE
C(METERS)

3430 02
4,730 03
213D 02
2.37D 03
20170 03
2.00D0 03
3.590 02
643D O1
1.960 02
1.570 02
6150 02
356D 02
1130 02
771D 01
1.64D 02
158D 02
1160 02
1+47D0 02
159D 02
$+57D0 01
$.210 01
620D 01
1.200 02
5,630 01
T7.86D 01
746D 01
7.31D 01
74600 01
6.280 01
$+45D 01
1.010 02
8+490 01
S+700 01
2390 02
7.720 01
6520 01

DELTA A
(METERS)

6,650
986D
&.47D
4,210
4,370
3.88D
7.264D
1.200
3,800
2.820
1.150
€.89D
2.100
1.44D
2.840
2.850
217D
2.55D
2.86D
1,000

00

8475001

101D
2.01D

00
00

2477D0=01

10240
1210
1150
123D

00
00
<]}
00

958D0-01
8.320-01

3740
3200
2.0SD
8476D
289D
24210

00
00
00
00
00
00



SATELLITE 66 96A

s =
A =

L

2
2
3

Je

3
LX)
&y
Se
Se
Se
&y
69
T
7s
Te
8
S
10s
10
11,
12
13,
15,
17
19,

d

2 REV./0AY

4415640 EoRoe

My

2.

2
29
29
29
29
2
2
29

2

2
2
2
Zs
2
2
2
2,

2

29
29
2
29
2
29

Py

“Os

1

Os
1,
2
1
29

1,
24
3
2y
3
e
3

4y
4,
4
4,

S

S
L
Gy
T
B

9

Q

J 1 1 L U 1
R s N O N W ey O N

DO OOWOMMAOMNO

PER IGEE HEIGHY = 3196+ KM,

E = 0.6395 1 = 1740 DEG.,.
BEAT PERIOD CENTRAL ANGLE
(DAYS) {DEGREES)
937.5 5+400 01
-118545 239D 01
494 .6 9+44D-02
89645 1.74D 03
-556¢ 0 1.84D-01
93745 3.23D 00
-1185.5 5650 00
494 .6 1.34D-01
8964 45 4,720 02
-55600 1.910-01
9375 4,020-01
-1185,.5 1.650 00
494 .6 7+420-02
8964 +5 1,100 .02
0556 00 1 . 130-01
-1185.5 1.850-01
8964.5 5190 00
9375 3.190-02
-1185,.5 129001
8964 5 9.54D-01
=1185.5 2+650<02
8964 .5 1+03D-01
89645 1.650-01
8964.5 1+49D-01
8964.+% S5409D-02

41

TRANSVERSE
(METERS)

250D
1+11D
42380
8. 07D
851D
1.50D
2+620
64190
24190
B4 86D
186D
7 « 640
30440
511D
523D
B8e56D
20410
1.+480D
S5.980
442D
123D
4, 75D
7+.670
689D
236D

o7
o7
o4
08
04
06
06

04

08
04
08
05
04
07
04
04
06
04
04
0S
04
04
04
04
04

DELTA A
(METERS)

B.88D
34110
24950
299D
5.08D
5.32D
74340
4,18D
8.12D
5.28D
463D
2,140
24320
1.89D
3110
2390
84920
5260
1.67D
1.64D
344D
1.760D
2.85D
2.56D

B8e75D -

03
03
01
o4
01
02
02
o1
o3
o1
01
02
01

o1



SATELLITE 66 96A
S = 2 REV./DAY PERIGEE HEIGHT = = 3196, KM,

A = 4,1640 EoRe E = 06395 I = 17.40 DEG.

Le My P, @ BEAT PERIOD CENTRAL ANGLE TRANSVER SE DELTA A

‘ , . {DAYS) (DEGREES)Y. (METERS) (METERS)

45 85 Oy =2 468 .8 9,03D-02 4,19D 04 2.970 01

4 49 15 O 4482,.3 1850 01 8.58D 06 64370 02

4y 4 2, 2 -592,7 2e94D-02 1.360 04 7.64D 00

Ss 4¢ 1s -1 848.8 3.120-01 1.44D 05 S.66D 01

Se 8¢ 2+ 1 ~136641 8.27D-01 3.83D 0S5 9.320 01

6s 4y 1, =2 468.8 3.90D~-02 1.810 04 1.29D0 01

6s 45 29 O 4482,3 3.96D0 01 1.830 07 1.36D 03

6+ 49 3, 2 -592¢7 1,070-01 4.94D 04 2.76D 01

e B4 20 =1 848.8 2.430-01 1.130 05 4.420 01

Te 49 34 1 -1366.1 6.57D-01 3.050 0S 7.40D 01

8s 44 39 O 4482.3 9,050 00 4,200 06 3.110 02

8y 44 4y 2 -592,7 4.06D-02 1.88D 04 1.05D 01

9y 4, 3¢ ~1 848.8 4.,61D-02 2.14D 04 8.+38D 00

Qs 844 4, 1 ~1366.1 2.000-01 9.26D 04 2.25D 01

10s 4+ 4, O 4482,.3 2.580 00 1,200 06 8.890 01
11, 4¢ Ss 1 ~1366.1 4,790-02 2.220 04 S.40D 00
12+ 44 S, O 4482.3 9.80D=-02 4.54D 04 3.37D0 00
6s 60 2y 1 -1611.8 1.06D-01 4.930 04 1.02D0 01

Te 64 24 O 2988.2 1.44D 00 6. 70D 05 7.45D 01

8s 64 20 ~1 77543 1.050-01 4.87D 04 2.090 01

8 6+ 3, 1 -1611.8 4.020-01 1.86D 05 3.84D 01

9 69 33 O 2988,2 2.800-01 1.30D0 05 1.44D 01

10, 65 45 1 -1611.8 5.440-02 2.52D 04 S,20D0 00
11, 64 8 © 2988,.2 2.08D~01 9.65D 04 1.070 01
12, 64 54 O 2988.2 1.76D-01 8,14D 04 $.,06D 00
15, 6+ 65 O 2988.2 7.880-02 3.65D0 04 4,070 00
16, 65 74 1 -1611,.8 20.200-02 1.02D 04 2.19D 00
17+ 6+ 7o O 2988.2 3.210-02 1.49D 04 1.66D 00
Bs B 2, O 2241,1 4¢54D-02 2.10D0 04 3.12D 00

D 84 3. 1 ~196541 3.410=02 1.58D 04 2.67D 00

10+ Bv 3+ O 2241 .% 4..02D0-02 1.86D 0O# 2+.76D 00
14, B4 S ¢} 2241.1% 244D ~02 1.130 04 1.63D0 00
16+ By 65 O 2241.1 2.620-02 1.210 04 1.80D0 00



SATELLITE 66 92A

'§ = 2 REV.e/DAY PER IGEE HEIGHT = 269, KM,

A = 84,1605 EeRs E = 047455 I = 64.90 DEGe
Ls Me P, @ BEAT PERIOD CENTRAL ANGLE TRANSVER SE DELTA A
(DAYS) { DEGREES) (METERS) (METERS)
2y 20 0y -1 450.8 9.120 00 4,230 06 2.86D 03
24 24 15 1 468,2 5,920 01 2.74D 07 1.95D0 04
2¢ 2+ 24 3 44746 5.100-02 2.36D 04 1.76D 01
3¢ 29 0e =2 503.0 2.30D-01 1.070 05 7.06D 01
35 2+ 1o 0 4793 3,410 OO0 1.58D0 06 1.10D 03
3, 20 29 2 457 .7 7.720 00 ~ 3.58D 06 2.60D0 03
4, 25 14 -1 490,.8 1.700 00 7.88D0 0S5 54350 02
4y 24 24 1 468,2 1.31D 00 6.05D 0S5 4,30D 02
44 24 3» 3 447.6 1.31D 00 6.07D 0S5 4,510 02
5 24 1y =2 503 .0 S.36D~-01 2+48D 05 1.64D 02
S+ 29 2+ O 479.3 3.45D 00 1.600 06 111D 03
Sa 24 39 2 45747 7 +340-01 3.40D 0S 2470 02
S5e 29 44 4 438.0 3.20D-01 1.48D 05 113D 02
69 2, 14 ~3 515.7 6.140-02 20840 04 1.84p 01
60 20 20 “1 49003 6.79D-01 4-070 05 2.770 02
6+ 2+ 34 1 468.2 1.580 00 7.320 0S S.21D 02
€y 29 8o 3 A447 6 1.84D-01 853D 04 636D 01
60 2' 59 5 428.7 3.590"02 10660 04 13290 01
Te 29 24 =2 503.0 3.74D-01 1.73D 0S 1.150 02
7+« 20 3, 0 479.3 1.64D0 00 7+58D0 0S 5.28D 02
7e 24 Gy 2 457,7 1.39D0 00 6.46D 05 4.71D 02
7+ 2+ S5+ & 43840 1.12D0-01 5,200 04 3.97D0 01
8y 2¢ 3, -1 490.8 1.030-01 4,750 04 3.24D 01
8s 2+ 44 1 468¢2 2.310-01 1.070 05 7.64D 01
8y 24 Sy 3 447.6 1.21D-01 5.58D 04 4,170 01
9y 2+ 44 O 479.3 8. 70D~02 4,030 04 2.81D 01
Gs 20 S, 2 457 .7 1.40D-01 6.49D 04 4,740 01
Sa 24 B, & 43R%) 5,21D=02 2.41D 06 1.84D 01
10, 2, 44 =1 450.8 3.02D-02 1.400 04 9.520 00
10s 2+ 55 1 468.2 6+08D-~02 2.820 04 2.01D 01
10+ 22 64 3 447.6 1.08D-01 5.01D 04 3.74D 01
10s 25 7+ 5 428,7 3.18D~02 1.47D 04 1.150 01
11, 24 4, -2 503 .0 5.020-02 2.32D. 04 1.55D 01
11+ 2+ 5+ O 47943 7+360-02 3.41D 04 2.380 01
119 2+ 7o 4 438, 0 2,700~-02 1,250 04 9.580 00
12+ 24+ 44 =3 515.7 2.97D-02 1.37D0 0a 8.92D 00
124 2+ 54 =1 490.8 8.58D~02 3.97D 04 2.71D 01
12, 20 6+ 1 46842 8.68D~02 4,02D 04 2.88D0 01
13+ 2+ S+ =2 503 .0 2.91D~02 1.35D 04 8.990 00
13, 2+ 6+ O 479.3 5.48D=02 2.54D 04 1.780 01
13+ 2+ 75 2 457.7 3.,88D-02 1.80D 04 1.320 01
14y 2+ 69 -1 490.8 4,98D-02 24310 04 1.58D0 01
14 25 7o 1 46842 6437D0-02 2.95D 04 2.12D 01
14, 2, 8s 3 44746 3.35D0-02 1.55D 04 1.16D0 01
154 24 7 © 47943 4.520-02 2.100 04 1.470 01
154 2+ 8s 2 457.7 4,070-02 1.890 04 1.38D 01
16+ 2+ Te ~1 490.8 2.78D-02 1.20D 04 8.80D 00
165 2, B8+ 1 468.2 4.61D0-02 2.14D 04 1.53D 01
162 25 9, 3 44746 3.39D-02 1.57D 04 1.180 01
19, 2¢ 9» O 479.3 2.530-02 1.17D0 04 B.24D 00
4y 45 14 O 239.6 744D =01 3.45D 0S5 4,790 02
4, 4, 2, 2 23441 1.36D0 00 6.28D 0S 8.93D 02
4y 4y 3. 4 228 48 6. 320D-02 2.930 04 4.26D 01
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"SATELLITE 66 92A

S ® 2 REVe/DAY PERIGEE HEIGHY = 269, KM,

A= 84,1605 EoRe E = 0,745 1 = 64.90 DEG.
Le Me Po @ BEAT PERIOD CENTRAL ANGLE TRANSVER SE DELTA A
- (DAYS) (DEGREES ). (METERS) (METERS)
Se 4 1, =1 242.5 7.67D=02 3.55D0 04 4 .88D 01
Se 4s 2, 1 236.8 6.660-01 3,090 05 - 4.34D 02
Sv fv I+ 3 233+ 4 5452001 2+56D 05 68002
6y 45 24 O 239.6 8.400-01 3.89D 0S S.42D 02
6s 8¢ 3, 2 234.1 1.070 00 4.94D 0S5 7.04D 02
6s 44 44 4 228 .8 5.86D-01 2.72D0 05 3.96D 02
Te 49 24 =1 242.5 4.050-02 1.88D- 04 2.580 01
Te By 30 1 236,.8 4 ,020-01 1.86D 05 2.62D 02
7. 4, &5 3 231.4 1.760-01 8.15D0 04 1.180 02
7+ 49 54 5 226.3 64960-02 3.22D 04 '4.76D 01
8o 45 3, O 239.6 1.130-01 5.220 04 7.280 01
8 4 45 2 234.1 3.86D-01 1.790 05 2.55D 02
B8s 42 Se 4 228.8 8.36D-02 3.87D0 04 5.65D 01
8s 49 62 6 223.8 2..37D-02 1.10D0 04 1.64D 01
Ge 85 &, 1 236.8 6.+ 02D-02 2.79D 04 3.94D 01
9y 45 5, 3 231.4 1.07D0~01 4.98D 04 7.190 01
10s 44 34 -2 245.4 2.260-02 1.05D 04 1.430 o1
10s 49 45 O 239 .6 3.33p-02 1.54D 04 2.15D0 01
10s 4, S¢ 2 234,.1 Te.32D-02 3.39D 04 4,850 01
10¢ 44- 64 4 228.8 8.410-02 3.890 04 5.69D0 01
15¢ 45 7+ 1 236.8 3.89D-02 1.80D0 04 2.550 01
1S+ 4s 8y 3 231.4 3.520-02 1.63D0 04 2.36D 01
16 44 8, 2 234.1 2.590~02 1.200 04 1.72D 01
6y 6 25 1 158,5 2474D-01 1.270 05 2.67D 02
6o E% 3, 3 156.1 2e59D-01 1.200 0S 2.56D 02
6s £s 45 5 153.7 2.41D-02 1.110 04 2.420 01
Te 65 3, 2 157.3 Se130-01 2.38D0 05 S.04D 02
Ts 60 4, 4 154.9 3.16D-01 1.46D 05 3.16D 02
8y 64 25 -1 161.0 4.56D—02 2,110 04 4,380 01
8, 65 3, 1 15845 1e66D-01 7.68D 04 1.62D0 02
8, 6+ 4, 3 156.1 4.420~01 2.04D 05 4.38D 02
8s 65 5, 5 153.7 2.050-01 9.50D 04 2.06D 02
Ge 64 &, 2 157.3 3,810~02 1.76D 04 3.75D 01
8s 6» S¢ 4 154.9 3.23D-02 1.490 0a 3.23D0 01
10s 65 S+ 3 156 .1 3.77D0~02 1.750 04 3.75D 01
11s 64 65 & 15449 2.70D-02 1.250 04 2.71D 01
13+ 6+ 6+ 2 157.3 3.30D-02 1.53D 04 3.25D 01
1Ss 63 T7e 2 157.3 2.350-02 1.090 04 2.33D 01
8s B, 2, O 119.8 3.830-02 1.770 04 4.94D 01
8o 8y 3, 2 118.4 1.82D~01 8.45D0 04 2.38D 02
8y 8y 4y 4 117.1 1.290-01 5.980 04 1.710 02
9, 8, 3, 1 119.1 3.170-02 1.47D0 04 4.313D 01
9s 8, 4, 3 117.7 1.610-01 7.44D 04 2.110 02
Gy By Ss 5 116.4 8.36D-02 3.870 04 1.11D 02
10s 8+ 5. & 1171 Se660=~02 2.62D 04 7.49D 01
10: 8, 6¢ 6 115.7 2.300-02 1.07D 04 3.080 01
10+10s 4. 3 94,5 2.350-02 1.09D 04 3.85D 01
11,10+ S¢ 4 94 .1 2.17D-02 1.00D 04 3.57D 01
13,12, 6+ 5 78.3 2.28D-02 1.05D0 04 4.51D 01
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SATELLITE 67 98A

§ = 2 REV,/DAY PERIGEE HEIGHT = 331 KM,

A = 44,1577 EeRo E = 0.7470 I = 64490 DEG,
Le My, P, Q BEAT PERIOD CENTRAL ANGLE TRANSVERSE DELTA A
(DAYS) {DEGREES) (METERS) (METERS)
29 29 0o —1 24561 227D 09 1.08D 06 1.430 03
29 20 1 1 23945 1.530 01 707D 06 9.83D 03
3s 24 0y =2 248.1 S5¢56D-02 24580 04 3.46D0 01
3¢ 29 15 L¢] 24243 8.530~01 3.95D 05 S.43D 02
3¢ 29 2s 2 236.7 2.01D 00 9.32D 0S5 1.310 03
49 29 1 ~1 245.1 4.110-01 1.900 0S 259D 02
49 24 2 1 2395 3¢310-01 1.53D0 0S 2¢14D 02
4y 24 3, 3 234.0 3.45D-01 1.60D 05 24280 02
59 29 1s =2 24841 1.240~01 576D 04 7.76D 01
Ss 29 20 [+ 24203 B8+ 46D~01 392D 05 So.41D 02
Se 2+ 3» 2 236.7 1.88D0-01 8.69D 04 1.230 02
Se 29 4 L 231 .4 B+,49D~02 3,930 04 S+68D 01
69 29 24 -1 24541 2.08D-01 S«.64D 04 1.32D0 02
69 29 3o 1 23945 3.920-01 1.820 0S 2.54D 02
Gs 29 4 3 234.0 4e76D~02 2.20D0 04 3.160 01
Te 24 29 =2 248,.1 8.55D~02 396D 04 Se35D 01
Ts 29 3 e} 2423 3.93D-01 1.820 05 24520 02
Te 29 45 2 236.7 3450001 1.62D 05 230D 02
Te 29 S5 4 231.4 2433D0-02 1.36D 04 1.970 01
B¢ 2+ 3, ~1 24S.1 2.38D0-02 1.100 04 1.51D0 01
Bo 2+ G4 1 23965 S5.63D-02 24610 04 3.65D 01
Be 29 Se 3 234 .0 3.06D-02 1.420 04 2.03D 01
9s 24+ S» 2 236.T7 3¢45D0-02 1.60D0 04 227D 01
10, 24 6, 3 234 .0 2.70D0-02 1.25D 04 1.80D 01
49 A 1, o] 121.1 1.850-01 BeS4D 04 235D 02
4e 40 2 2 119.7 3.430-01 1.59D 0S5 4,430 02
Ss 4o 2+ 1 120 .4 1.65D0-01 766D 04 213D 02
Se 4 3, 3 119.0 1,40D-01 6.46D 04 1.81D 02
€ "4y 2 0 1211 2+04D-01 94450 04 261D 02
6+ 8¢ 3 2 119.7 2¢65D-01 123D 05 3.43D 02
6s G4y 4y 4 118.4 1.48D-01 686D 04 1.94D 02
Te 44 3» 1 120.4 9.780-02 453D 04 1.26D0 02
Ts 4 45 3 119.0 4,370~02 2.02D 04 S.69D 01
8y 445 3 0o 121.1 20690-02 124D 04 2.45D0 0%
Bs &e 4, 2 119.7 9+39D0-02 4.35D 04 1.22D 02
Se 40 5 3 119.0 2+620-02 1.21D 04 3.43D 01
6s 69 29 1 80.4 6. T1D~02 311D 04 1.29D 02
€e 6 3 3 79.8 6043D0-02 298D 04 1.25D 02
Te 65 3, 2 B0a.1 125001 S5.80D 04 2.430 02
Te 64 4o 4 795 7.81D-02 3.61D 04 1,520 02
"8s 64 3 1 80«4 34990-02 1.84D 04 T.70D 01
B8y 69 49 3 79.8 1070-01 4.98D 04 209D 02
8+ 6+ S S 792 5. 05D=-02 2.34D 04 950D 01
3e 8y 39 2 6062 44400-02 2.040 04 1.14D 02
8y 8By 4, 4 £9 .9 3.14D-02 1.45D 04 B8.16D 01
99 By 4 3 60.0 3.86D0-02 1.790 04 1.000 02
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SATELLITE 67 101A

s

A

Lo

29
29
3.

3.

4,
4y
b4y
Ss
Sy
Se
S
[+X]
6
6
T
T
7
7
8
8y

4.
4.,
S
Sy
6o
6
6o
T
T
B
6
6
7
T
B
84
8
B
B8
G

2 REV,/DAY PER IGEE HEIGHT

441577 EeRe E = 0.7396

M, P, Q BEAT PERICD

{DAYS)
2y 0s ~1 242.5
2y 1 1 237.6
2y O+ =2 24S5,1
20 1, 4] 240 .0
20 2» 2 23562
2y 1o -1 2425
2y 29 1 237.6
2+ 3 3 232.8
2y 1o -2 265.1
2¢ 24 [o] 240 .0
2s 3 2 235.2
29 G 4 2305
2y 29 ~1 242,58
29 3o 1 23746
29 4 3 232.8
2+ 2» -2 24541
2y 3» 0 240.0
2 4, 2 23562
2+ S 4 23045
2, 4, 1 2376
2y Se 3 232.8
2+ S 2 23502
4s 1, 0 120.0
49 2 2 118.8
4y 2. 1 119.4
Gs 3 3 118.2
G4y 2 0 120.0
4y 3y 2 116.8
LI XY 4 117.6
49 3 1 119.4
Ga G 3 118.2
Qs Ba 2 118.8
6 29 1 79.7
6s 3o 3 79.2
6e 3o 2 795
Gy 4 4 7849
LK. 1 797
6y 4, 3 79.2
&y S S 78.7
8s 3 2 597
8y 4, 4 S9.4
Bs 4 3 59.5

]

6527,

1

CENTRAL ANGLE
(DEGREES)

2.210 00
1.44D0 01
5+30D-02
8.000~01
1.84D 00
3.660-01
3.060-01
3.04D-01
1.06D-01
7439D-01
1.690-01
1.740-01
3.330-01
4.130-02
6+86D~02
3.210-01
2.88D-01
2045002
4.46D-02
20 44D~-02
265002
1.66D-01
3.05D-01
1+45D-01
1.20D-01
1.72D—-01
2+26D-01
1.230-01
Be02D-02
3.630-02
7¢470-C2
5.69D-02
539002
1.03D~01
Ge 33002
3.13D0-02
8462D-02
3497D~-02
3.530-02
2480-02
3.00D0-02

KMo

64.80 DEG.

TRANSVER SE
(METERS)

1.02D
6 +66D
24450
3.70D
8.50D
1690
142D

1.431D0.

44920
3.42D
T«81D
336D
8,070
154D
1.91D
3.170
1490
1.33D
114D
24060
1.130
1.22D
767D
1.410
671D
555D
796D
1.05D
Se 70D
371D
1.68D
34460
24640
26 49D
44790
293D
145D
399D
1840
163D
1.18D
1.3%90

06
06
o4
05
0S

0S’

0S5
0%
04
05
04
04
04
0S
04
04
a5
0S
04
04
04
o4
04
0s
o4
04
04
05
04
ca
o4
04
04
04
o4
04
D4
04
04
04
L.
o4

DELTA A
(METERS )

1.400
9.33D
3.34D
5.15D
1.21D
2.33D
1.99D
202D
6.71D
4.76D
1.11D
4,88D
1.11D
2.170
2.750D
4,340
2.07D
1.900D
1.65D
2.92D
1.63D
1.75D
2.13D
3.97D
1.880
1.57D
2.22D
2.95D
1.620
1.04D
4,770
9.78D
1.11D
1.050
24020
1.24D
610D
1.690
7 84D
94180
€.50D
785D

03
03
()3
02
03
02
02
02
01
02
02
01
02
02
01
01
02
c2
01
o1
01
01
02
02
02
o2
02
02
02
02
[+} 3
o1.
02
c2
02
02
o1
02
01
01
01
o1



SATELLITE 64 4GE

S

A

Hi}

2 REV./DAY PERIGEE HEIGHT

401584 E«Rs E = Q.7018 1

My, P, Q BEAT PERIOD CENTRAL ANGLE

{DAYS) {DEGREES)
29 Os -1 26945 237D 00
2+ 1 1 25243 1.41D 01
29 04 -2 279.1 5+68D-02
2+ 1» O 2606 2¢130~01
29 29 2 244 .4 143D 0O
29 1s =1 269 5 2.23D~01
2y 29 1 2523 70340~-02
2 3 3 23701 1.93D-01
2+ le =2 279.1 6+82D-02
2y 20 O 2606 3.550~01
29 3 2 244 .4 4.038D~02
2y 4y 4 23042 3e¢76D-02
2y 20 -} 2695 9 e92D~-02
2+ 3, 1 2523 1.30D~01
20 29 =2 27901 4¢51D~-02
29 35 0 260-6 10ﬁ4D“‘01
2, 8y, 2 244 .4 9.46D~-02
4y 14 O 130.3 1.26D-01
41 20 2 12601 20‘40"01
4, 29 1 12B8.2 7e120-02
49 3 3 124.1 Te62D~02
44 2o [¢] 1303 1.,08D0-01
4, 3, 2 126.1 6413D~02
4, 4, & 122.2 632D-02
4s 3o 1 128,.2 3.91D-02
4y 49 2 12641 2487D-02
6s 29 1 850? 3.46D~02
6y 3 3 84 . 3.48D-02
63 3 2 85 .0 4,40D-02
6 4y 4 83.2 3e25D0-02
69 3o 1 8549 2.270-02
6s 44 3 84,1 2.40D-02

= 1531.

47

KM,

6880 DEG.

TRANSVERSE
(METERS)

1.100 06
6.51D 06
2.63D 04
9.87D 04
6.630 05
1.03D0 05
3.40D 04
8,920 04
3,160 04
1.64D 05
2.03D 04
1.74D 04
4.59D 04
6,020 04
2,090 04
T«S8D 04
4.,38D 04
5.82D0 04
1130 05
3.300 04
3.53D 04
5.00D 04
2.84D 04
293D 04
1.81D 04
1.33D0 04
1.60D 04
1.610 04
2040 04
1.500 04
1.05D 04
1.110 04

DELTA A
(METERS)

1350 03
8.6CD €3
3.14D 01
1.26D 02
9.05D 02
1.28D 02
4 .49D 01
1.26D 02
3.78D 01
2.11D 02
277D 01
2.33D 01
£.70D0 01
T+9BD 01
24500 01
S.75D 01
€.010 01
1.49D 02
2.980D 02
8,600 01
G.50D 01
1.28D0 02
7.53D 01
8.020 01
4,730 01
3,540 01
6.24D 01
64410 01
8.03D0 0%
6o 06D 01
40100 01
44430 01



SATELLITE 65 30A

§ =

A =

SATELLITE 67 82A

'S

A

Lo

29

20~

3.
3

G

4,

4.

-
Se
XY
[T
T
Te
84
4
Se
-
6

-3
2
3,
3,
4
4.,
Y

Es

Sy
Se
XY
b
To
Ty
4,
4,
S
Sy
G
(1)
(-}
Ts
T»
8y

2 REV./DAY

Q401727 EoRos

M

2 REVe/DAY
441513 EoR.

‘M.

2
29
2s
2,
29
2
2
2
29
2

2
2y
2
4y
L 39
4
4
4,
4,
4.4

Gy
XY

Ps

Os
1,
1,
2
1»
29
3
2
3

2¢

3
4y
1
2

24
2.

Ps

O
1
1
24
s
-
3,

29
3

3
3
L2
1,
24
2%
3
2y
3
4.
3
3
L ¥

Q

NOMRNONOIMIMMDOWRMMNO MM

]

W= ENDOWMPDOND MM NONWIRMNDO M

PER IGEE HEIGHT

E = 0.6844

BEAT PERIOD
{DAYS)

—-154 02
—156.2
—~155.2
~157.2
~-154.2
-15602
-158.3
«-155,.2
~157.2
-154.2
~156.2
~155e2
-157.2

~T7e6

~78.1

~778

-T77+6

~78.e1

PERIGEE HEIGHT

E = 00,7469

1

= 2021

CENTRAL ANGLE

(

1 =

DEGREES)

8.150-01
4,670 00
2.030-01
4,.820-01
7.370-02
Se78D—02
6. 52D~02
1.320-01
2+56D-02
2.51D-02
5. 01002
4.,06D-02
3,62D-02
3.87D0-02
6..88D-02
2.690-02
2.70D-02
3.26D0-02

323.

KMo

65430 DEGe.

TRANSVERSE
(METERS)

379D
2170
Se42D
2424D
34420
2680
3.03D
€140
119D
1.17D
233D
189D
1.680
1.800
3.19D
1.25D
125D
1.51D

KM,

64.90 DEG.

BEAT PERIOD! CENTRAL ANGLE

(DAYS)

114 .6
113.3
114.0
112.7
114.6
113.3
112.1
115.2
114.0
1127
114.6
113.3
114.0
112.7
57.0
5667
5648
5645
57 .0
567
S6e4
56.8
37.8
37 .8

(

DEGREES)

4.98D~01
30430 00
1.89D-01
4 +58D-0C1
B8¢99D-02
T7+43D-02
7e092D~-02
2469D0-022
1.880-01
4,26D-02
4,550~02
8.80D-02
8.71D-02
7+94D-02
4.09D-02
T«70D0-02
3.69D-02
3.15D-02
4.52D0-02
5494D-02
3.36D-02
2+18D-02
2¢80D0=02
2+41D~02

48

0s
06
o4
0S
04
o4
04
04
04
04
o4
04
04
04
o4
04
04
04

TRANSVERSE
{METERS)

230D
1.58D
8474D
211D
44160
343D
3. 660D
1.24D
Be67D
1.97D
2+10D
4,070
4.020D
34670
1.890
3560
1.700
1.45D
209D
274D
1.58D
1.01D
1290
1.11D

05
o 13
o4
05
04
04
04
04
04
04
04
ca
o4
04
e 2
04
04
04
04
04
04
04
04
04

DELTA A
{METERS)

8.14D
4.60D
2.01D
4,710
7.32D
5.67D
£431D
1.30D0
20490
2,490
4,90D
2.69D
3.50D
7 264D
1.35D
5.28D
S,31D
6.37D

02
03
02
02
01
o1
o1
02
o1
o1
o1
ot
01
01
o2
01
o1
01

DELTA A
(METERS)

670D
44,670
257D
6.28D
1.220
1.02D
1,100
2 +&7TD
2.56D
5.89D
6020D
1.21D
1.200
110D
1.110
22110
1.01D
8.67D
1.24D
164D
931D
6,000
116D
1.000

02
03
02
o2
02
02
02
01
o2
01
01
c2
02
02
02
02
02
o1
02
02
01
01
02
02



SATELLITE 64 49D

S = 2 REV./0AY PERIGEE HEIGHY = 1415, KM,
A = 4.151%5 E«Re E = 0.7057 I = 68,90 DEG.
Le My, P, [¢] BEAT PERIOO CENTRAL ANGLE TRANSVERSE
(DAYS) (DEGREES) CMETERS?
29 29 04 =1 114,.9 40330-01 2000 0S
2e 29 1 1 111,.5 2.520 00 L+30D0 06
39 29 1 (4] 113.2 3e91D~-02 181D 04
e 29 24 2 10949 3.020~-01 I.39D 05
49 29 19 -1 114.9 4,220~02 1.95D0 O«
49 29 3 3 108+3 4,260~-02 197D 04
Ss 29 2 o 113.2 Te020-02 3240 04
6+ 29 3o 1 111 .5 2¢700-02 1250 04
Te 29 3» 0 113.2 335002 1.55D0 04
&y 44 1o 0 56606 2.470-02 7101‘0 04
4, 4, 24 2 55.8 5.01D~-02 2.31D 04
6y G4 2, 0 5646 2+190-02 1.010 04
SATELLITE 67 S2A
S = 2 REV./DAY PER IGEE HEIGHT = 902 KMo
A = 84,1370 EoRe E = 0.7241 I = 64,80 DEG.
Ls M, P, Q BEAT PERIOD CENTRAL ANGLE TRANSVER SE
{DAYS) {DEGREES) (METERS)
2y 29 04 -1 51.8 9.990~02 4,600 04
29 29 1o 1 5166 64 29D-01 24900 0S
3s 2+ 1. 0 517 3.32D~-02 1.53D 04
3s 24 25 2 51 45 7600=-02 3.50D 04
S9 29 2 (o] 51.7 271D-02 1.25D 04
SATELLITE 66 35A
S = 2 REV./DAY PERIGEE HEIGHT = 1236+ KM,
A = 64,1165 E+Rs E = 0.7100 1 = 65410 DEGo
Le M, Py ¢} BEAT PERIOD CENTRAL ANGLE TRANSVERSE
(DAYS) (DEGREES) {METERS)
2e 25 09 ~1} 29.0 3.08D0-02 1,41D 04
22 2+ 14 1 28.9 1.86D-0C1 8.53D 04

DELTA A
(METERS)

5.81D 02

3.900 03
§.34D0 01
4,250 02
$.70D0 0%
6.10D 01
9.65D 01
3.780 01
4.640 01
6.770 .61
1.390 02
6030 01

DELTA A
(METERS)

2.98D 02
1.88D 03
9.570 01
24290 02
84250 01

DELTA A
{ METERS)

1.65D0 02
9.98D 02



SATELLITE 64 08D

s =

A=

Loy

3
3
3
Gy
49
L
2e
2
3
3
[
G,
4.
Se
Se
3,
3,
3
4.
S
Se

SAY

3,
2
3

1 REV./DAY

664501 EoR,

1s
) 2
}
1
e
)
2
29
29
2
2
2»
2
29
29
3
3
3
3
3
Se

FLLITE 66 53H

1 REV./DAY

€e2726 EoRe

L)

1
2
3

Pe

Os
1
20
1ls
2
3
Qe

‘1,

1
24
1s
20
3.
2
3
0

1,
2

2 .

3,
2,

Py

Q

PPUPNOUMPNOWMNOUWMMNON

Q

[+ el

PERIGEE HEIGHT = 3849+ KM,
E = 07514 1 = 58430 DEG,

oEAT PERIOD CENTRAL ANGLE TRANSVERSE

{DAYS) (DEGREES) (METERS)

2645 7.01D0-05 504D 01

2646 3.540-03 254D 03

2606 3.250~03 2,340 03

265 1.12D-04 84060 01

266 S5¢81D-04 4,170 02

26 .7 2019D-04 1.57D0 02

13.3 7 «970-04 5720 02

13.3 8.06D0-03 Se 79D 03

13.3 8432D-04 597D 02

13.3 6 73D-04 4.83D 02

13.3 1 ¢490-04 1.07D0 02

13.3 2.750-04 197D 02

13.3 T +37D0-05 S$.29D 01

13.3 1.78D-04 1.28D0 02

13.3 1.01D-04 726D 01

8.9 1.24D=-04 8.93D 01}

8..G 14740-03 1.250 03

8¢9 2¢56D-04 1.84D0 02

3.9 Se12D-04 368D 02

3.9 7 «07D~0S 5070 01

5.3 7830-05 S5.620 01
PERIGEE HEIGHT = 33630, KM,
E = 0.0 1 = 150 DEG.,

BEAT PERIOD CENTRAL ANGLE TRANSVERSE

{DAYS) {DEGREES) (METERS)

12.2 268D~04 1.88D 02

6al1 171D0~03 1.19D0 03

4.1 1.06D~04 T+40D C1

50

DELTA A
{METERS)

135D 00
6.77D0 01
64220 01
2,210 00
1.14D0 01
4.29D 00
297D 01
3.00D 02
3.19D0 01
257D 0t
5.86D 00
1080 01
2.890 00
7.20D0 00
4.08D 00
7.15D 00
1.00D 02
1.470 01
3.020 01
4e2BD Q0
7.91D 00

DELTA A
{METERS)

1.190 01
1.42D 02
1.400 01



Table 3
Geopotential Constants
[Combination solution from satellites and surface gravity data,
nonzonal harmonic coefficients (normalized).] [From Reference 4]

x 109 x 10 x 109 % 10°
Jam|2|m| Com [ Sam {Jnm | n | m |Cppy [Som |Fnm| 2 [ m | Com {Som [Fnm | 2 |m | Com |Som
2.731212]2.38 |-1.35 | .13 | 8] 5]-.09] .09 | .04]11] 8| .04|-.02 { .02 |14 1} -.01] .02
172|138 1{1.71| .23]|.30 | 8| 6{-.01] .30] .03{11] 9| .03 .01 | .04 |14]| 2} -.01]-.04
98|3|2] 84| -511.04 | 8} 71 .02] .04 ] .03]11}10] -.08[-.01 ] .07 }14]| 3] .06]-.03
1.57|318] .66 ] 1.43§.18 | 8{ 8)-.18] .03 .12}11{11] .10]| .06 o |14] 4| .00} .00
61|4j1{-47| -39 .11 | 9] 1] .12} 00| .12}12{ 1{-.09|-.07 | .06 |14| 5] .05]-.08
59412 35| .48 .06 | 9] 2] .03] .05 .06 |12} 2| -.08]| .02 | .03 {14] 6] .0o1L]-.08
95|43 92| -241.03 | 9] 3[-.03|-.01] 04|12} 3] .03 .02 | .04 [14{ 7] .03| .02
3014]4] 041 .30].07 ] 9] 4] 07| .02 ] .05]|12]| 4| -.05| .01 ] .04 |14} 8} ~.031-.03
o08l5|1|-06} -051}.06 9] 5/[-.04] .04 .02|12] 5| .02 .01} .08 |14} 9} .03] .07
5715l2| 53] ~21 1 .04 | 9| 6] .04] .01 ] .01|12| 6{-.01] .01 {.04 |14]10} .04] .01
4115/ 3|-401 .07 1.04{ 9| 7| .04]-.02] .04|12| 7] -.04]-.02 §.04 |14{11] .04] .01
20/5|4(-20] .02}).13| 9| 8| .13| .00 .01 |12]| 8| .00| .01} .06 14|12} .05|-.03
591515 18| -56 .09 | 9] 9| .o8f .04 ] .02 12| 9} -.01| .02 }|.04 |14]|13] .01} .04
.08/6]1]-.08| .0o1].07 |10 1| .10|-.07 | .01[12{10| -.01| .00 | .04 [14|14] -.04| .02
27|6i2] 01| -27 ] .10 10| 2] -.08]{-.06 | .05|12{11] -.05|-.02 | .01 |15| 1| .01|-.01
05/6!/3|-.04| .03].09 |10] 3|-.08|-.05} .01 |12]12] -.01{-.01 | .04 |15| 2] -.02]-.08
49|6]4]-.08] -.48 1 .10 |10} 4|-.06]-.08 ] .04{13] 1| .00 .04 | .04 |15| 3| .02| .03
53)6]l5(-26] -.461 .03 |10} 5| .02]-.021 .03|13] 2] -.03| .01 ] .02 |15( 4] .00 .01
a6{6]6}-.02| -.16 .04 {10] 6]-.04]|-.01 ] .03{13] 3] .00| .08} .04 [15] 5| .03|-.02
20{7l 1] 17| .11].06 j10| 7| .04]{-.05] .02}13}| 4] -.01]-.02} .06 15| 6| .03|-.05
36|7]2] 32 .16]|.06 {10| 8| .0a]-.05] .04{13] 5| .03{-.02 ] .05 |15] 7| .03| .04
18|73 18| .00{.06 {10] 9| .05]|-.04 | .06|13} 6] -.03{ .05 .06 |15} 8] -.06] .00
aej7l4|-.16] -.04].04 {10]20] .03]|-.02 ] .02113[ 7] -.02} .00} .04 [15] 9] .00] .04
o7l7ls] 07| -01].04 {11] 1]-.03] .02 | .02]13] 8] -.02]|-.01] .02 {15]10{ .02} .01
2517l 6]-28| .10).07 |11] 2] .05]-.05] .05]|13] 9] .02] .05 .01 {15[11| .01] .01
09]7l7| .07 | .06 ] .08 |11] 8| .01]|-.081 .04{13]10| .04|-.02 | .09 15|12} -.07{ .05
oilsl1]-.01) -.011.03 |11] 4|-.03] .00 .02|13}11] -.02] .01 | .06 [15(/13| -.05]-.03
o06|8l2{ .04 .04].04 {11} 5] .03} .02} .06{13|12}-.02] .06 | .03 [15{14] .01]-.03
.03/8/3|-.03] .00].04 |11] 6]-.03]-.02 ] .07 |13{13] -.07| .00 .02 |15|15] -.02]-.01
17|84 |-17) -.02 ] .04 J11] 7] .03{-.03

(Cnm’ Snm) = (Cnm’

Snm)

[(n—m)! @n+1)2

(n+m)!

T
Jom =+ (CL+ ng)l/z

51

]-1/2




The formulae used to calculate AQ, Aw, and AM assumed the tesseral har-
monic perturbations could be treated as forced oscillations about an intermediary
orbit; in the case of deep resonance, this assumption is obviously violated. Thus,
the perturbations calculated-for cases of very long beat periods, i.e., 2 100 days,
must at best be regarded as only order of magnitude estimates. Furthermore,
when resonance is deep, small errors in the semi-major axis of an orbit will
cause large errors in the computation of beat period (Appendix A).
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APPENDIX A
SHALLOW RESONANCE

THE MEAN MEAN MOTION OF A SATELLITE

Resonant satellites are often regarded simply as satellites with mean motion
equal to some integer times the rotation rate of the Earth. However, this defini-
tion is too inexact to permit computation of precise orbit elements. Complica-
tions result primarily from the secular effects of the second zonal harmonic on
1,0 , and the mean mean motion. The effects of J , on w and 0 are well known.
However, a discussion of the mean mean motion of a satellite will be useful for
this analysis.

Calculation of the mean mean motion requires a solution for the variation
of the semi-major axis of an orbit. Sterne (Reference 1) and others have noted
the existence of an exact solution for the semi-major axis of an orbit perturbed
by the second zonal harmonic. The existence of this solution is used below to
obtain the mean mean motion.

A very simple demonstration of an exact solution for the semi-major axis
for the J, problem can be obtained from elementary Hamilton-Jacobi theory.
The Hamiltonian, F, of the perturbed satellite problem is

F = il R,
2a ¥
where R is the disturbing function. When F is not explicitly a function of time,

F = constant

and is an integral of the motion. This is the case for all zonal harmonics. If
we define a; by

F - const. = _/1-_
2aF
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then, the relation

1l _1 2R @)
a, a M

follows at once, providing a solution for the semi-major axis in terms of initial
conditions. To compare this solution with more familiar ones, consider the
effects of the 2nd zonal harmonic alone. For this case, Kaula (Reference 2) gives

2
- a, 3 .,. 1 }
R,=R, +R = a“ 1, <;-> (—_st i _5> (1 - e2)=3/2

’E + ® 2
: a
+ E E “:3'-]2 Fy0p (1) Gy, (€) cos [(2-2p)w

p=0 ==
p, q#1. 0

+(2-2p +q)M]. (3)

Thus, Equation (2) becomes

a2
a=a +3J < sin?
K272 4

2
aK = aF [1 -2 <'a;e-) J2 (%—Sinz i —%\) (1 - e2)—~3/2] (5)

Equation (4) is the same as that of Douglas and Ingram (Reference 3) and Brouwer
(Reference 4). The constant a, is the value of the semi-major axis averaged with
respect fo mean anomaly.

i cos 2 (w + M) + higher order terms, 4)

where

To obtain the mean mean motion of a satellite, the constant portion of dM/dt
must be determined. From Kaula (Reference 2)

dM _ vV (1-e*) 3R _ 2 R ©)

dt 55 oao % nada

na“ e
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Because the first term does not contain a small coefficient, the integration of

dM/dt requires a solution for a. Again using

(7)

R=R, +R,
where R, is the constant part of R and Rp is the periodic part, Equation (2)
gives
2a, 2a, )
a = ag 1+7Rc+7L—Rp +O(Jg);

thus, usingn? a3 = u where there is a J , coefficient,

Vu _Vu 3
koY R, +R) + 0(J2) .
a3/2 a2 na?
Then, dM/dt becomes
M_VE 3 o gy (d-ed) [BR R,
dt a}’?  na? c P nae de de
O9R. OR
2 c P 2
e | — f —— 0 .
na [aa * Jda } +002)
From Equation (3)
’a_R;E = 3e R aRc = - ..3_ ER—p = —i
Be_l_ez ¢’ Da a ©° oa a P
Therefore,
Vi o3 1-e?
S_M: by 3R oS E)TLLO(J%)
t a?,/z na2 1'132 e €

55

(8)

)

(10)

(11)



and the constant part, n, of dM/dt, to the first order is

i

3/2
ap

n =

(12)

the required mean mean motion.

If it is desirable to use the mean value of a, i.e., ag , then the relation be-
tween a and a;, Equation (3), gives for n the equivalent formula,

2
4 a
n=_*t +§-nJ2 (_e> (1 -3sin2i) @ - e2)-32 (13)
ag/z 2 a 2

These formulas ignore terms 0 (J g ) but are valid for all e < 1. Equation (13)

for n is the same to the first order as that obtained by a Von Zeipel transforma-
tion solution (Reference 4) of the satellite problem. With the second term on the
right multiplied by -1/2, it also agrees to first order with Kozai's formula for

the mean mean motion (Reference 7.).

THE CONDITION FOR A REPEATING GROUNDTRACK

The criterion for a satellite to have a repeating groundtrack in the mean
sense (Reference 5) is:

b, + M +s @, -0) =0,

where s is orbital frequency and the subscript ¢ denotes secular rate. Using
the familiar formulas,

njJ a?
b =3 2 ¢ (5cos?i-1) (14)
4 a- e2)2 a2
. n], a2
Qc = - i —_ cos i
2 a - 82)2 a2
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and Equation (12) for MC » we may solve for the required value of a;, by a Newton
iteration of

fag) =d, +M +s (Q, -6 =0.

This yields the first order value of a_ that satisfies the repeating groundtrack
condition. Given the latitude, longitude, and radius of injection, the osculating
value of semi-major axis follows at once from Equation (2). Of course, the
action of the resonant terms in the geopotential causes an immediate departure
from the repeating groundtrack condition. If very high accuracy is required,

the value of 'a' can be further improved by iteration of initial conditions using
the complete gravitational model. Gedeon (Reference 6) has found this necessary
to accurately calculate the stability of synchronous satellites.

CALCULATION OF DRIFT RATES AND BEAT PERIODS

The inverse of the problem of determining resonant orbit elements is finding
the drift rate for a satellite with particular orbital elements. As before, a sim~
ple comparison of the unperturbed mean motion of the satellite with the rotation
rate of the Earth is not sufficient. The effect of the second zonal harmonic on
the period of the satellite must be considered. The term ''shallow' or near
resonance is applied to cases with an amplification of the effects of a term in
the geopotential, but not amplified to the extent that the perturbation cannot be
accurately calculated as a forced oscillation about a reference trajectory.
Gedeon et. al. (Reference 5) refers to this case as one without "feedback."

The small devisor that produces the shallow-resonance effect (Reference 2)
is:

Do & =20) 6, + (£ = 2p + D) M, +m(Q, - 6) (15)

or its square. Kaula (Reference 2) defines the 4, m, p, q quantities. Generally,
f)@ mpg 0 is not equivalent to repeating groundtrack conditions. The conditions
are the same only for circular orbits (q = 0) and orbits at the critical inclination
(@ = 0). The "drift rate" ]'),gmpq or the "beat period" 360"/]'3,{;'11pq is the meaning-
ful measure of shallow resonance when applied individually to each resonant

(4, m, p, q) component.

The significance of these formulas may be illustrated if we consider a hypo-
thetical satellite with elements at epoch:
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a=1.418358 a_
(period ~1/10 day)
e=.21

i =55°, and
w+M=Q =0°,

Using Equation (15) to calculate ﬁ{mpq for the principal resonant harmonic com~
ponent (£, m, p, q) = (11, 10, 5, 0), yields '

]511,10,5,0 = 1°.8/day (deep resonance),

whereas, a drift rate calculated by comparing the unperturbed mean motion and
ten times the rotation rate of the Earth yields the value 22°.5/day. This differ-
ence will be greatest for a small drift rate. The smaller the drift rate, the
greater will be the loss of numerical significance in the calculation of Dy, .
The difference for the larger drift rates (small beat periods) characteristic of
shallow resonance is still significant. For example, the GEOS-II satellite with

a = 1.2086147 a_
e = .0320360
i = 10597768
w = 15284244
Q = 177210605
M = 1544088
t, = 16 April 1968 2h9"39sU.T.C.
yielding
o, = -1%209/day
(= +1°3983/day
= 4619%0459/day
gives:
D5 136 0 = -572 2/day.

The drift rate calculated from the unperturbed mean motion is

= -75%)/day

unper.
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For circular orbits, the beat frequencies are identical for resonant terms
of a particular order (m) subscript. Thus, it is impossible to separate the
effects of terms such as (13, 13), (15, 13), (17, 13) on a single orbit such as
GEOS-II. For eccentric orbits in shallow resonance, there will be several beat
frequencies present for each resonant (£, m) term and these can differ sub-
stantially. Thus, the possibility of recovering geopotential constants is greater
if eccentric orbits are used. Orbits near or at the critical inclination will pro-
duce similar or identical beat periods also because a zero perigee rate will also
cause all beat periods to be identical for all terms of the same order (m).
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APPENDIX B
PERTURBATION EQUATIONS

Kaula's formulas (Reference 1) were used to calculate the perturbations of
the elements discussed in this document. The potential of a planet is defined
(Reference 1) as a harmonic series in the mean anomaly, viz.,

A A e
Riw =BT ) ) Fhup (D 0p,, () Siup,
a — -
where P=?
Cp | t-meven
Sfmpq = cos [(L-2pDw+@-2p+q) M +m (Q-6)]

-8, | £-modd
¢, | f-meven sin [(A-2p) 0w+ (A-2p +q) M +m (Q-6)].

s, | £-modd

Kaula (Reference 1) also gives the 1st order solutions to the LaGrange Planetary
equations. The solutions applicable to this report are

2Fy G £-2 S
Ot = e e A0 P T P

nal+2 ((h-2p) o+ (@-2p+ ) M+m (O -~56)] ,

[(1-e?)1/2¢-1 Ep o (9Ge /%) +

Aap = ,uaf —coti (1-e%)-1/2 (BF,ﬁmp/'ai) G,gpq] St mpq ,
. na’ﬂ“?’ [({-2p)&)+(r{’,_2p+q)1\'&+m(§2_"9)]

(3Fy,,/ 1) Gy §£mpq
nat+? (1) sini [(A-2p) o+ (A-2p+ @) M+m (2= 8]

_ A
AQ’[)/mpq - /‘Lae
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AM{/m _ 'u,a’eﬁ [~ (1 -e2) e~1 (Bﬁgpq/ae) +2 (’ﬂ + 1) G’ﬂpq] F’ﬂmp‘ —S_’Empq .
o nab+3 d-2p) o+ (X -2p+ @ M+m (Q-06)]

3/'1'a/£/ F’Kmp G’Emp §’Fxmpq (/ﬁ - 2p + q)

a3 [(A-2p) 0+ (A-2p + ) M +m (O - )]
The quantity 'S_,y,mp q is the integral of Sy npq with respect to its argament. The
second term in AM{mpq has a small quadratic divisor in the resonant case, and
therefore, tends to be dominant. However, the remaining terms may be im-
portant for many cases, particularly for beat periods of less than 10 days.

Kaula (Reference 1) precisely defines the F/(’,mp and G/t’, oa coefficients.
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